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Amplifier for sound 
equipment. 


Instrument cease—special 
perforation dies. 


—= 
Exceptional finish on 
this “specie!” job. 


Welding Machine Work 
Wiring and Testing 


Products Completely Manufactured 


Stamping Paint Finishing 
Electrical Assembly 
Sheet Metal Fabrications 


LEWYT METAL PRODUCTS CO. Inc. 


60 Broadway Brooklyn, N. Y. 





Many satisfied industria! users attest to the perfect year in and year 
out efficiency of their LIODUIDOMETER tank gauges. Convenient, 
hazard-free, 100% Automatic—these tank gauges insure accurate 
readings whenever required. 


No pumps, valves or auxiliary 
units required to read levels. Bal- 
anced hydraulic transmission sys- 
tem completely compensates for 
temperature variations on com- 
municating tubing. Accuracy un- 
affected by changes in specific 
gravity. 

Approved for gauging hazardous 
liquids by Underwriters' Labora- 
tories and other similar groups. 
Models are available for REMOTE 


signals, automatic control of pumps, etc. Direct Reading models 
may also be installed where remote reading is not desired. 





W rite for complete details: 


THE LIQU IDOMETER corp. 


36-27 SKILLMAN AVE. 


LONG ISLAND CITY, N. Y. 
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“Installation,” “Care,” “Maintenance” and “Service” 


‘NEVERAL times during the last few years, a sudden 
VU increase in the number of inquiries pertaining to some 
irticular topic led to a brief investigation and resulted in 
or two editorials—sometimes in a specially-written fea- 
ture article. 

There has been a sudden increase in requests for infor- 
nation on installation, care, maintenance and servicing of 

justrial instruments—who, when, where, how, etc. These 
nquiries do not relate merely to physical details. They 
refer to intangibles and imponderables. They cannot be 
answered by such advice as “Use watchmakers’ oil instead 
of machine oil,” or “Send fifteen cents to the Government 
Printing Office for Bureau of Standards Circular number 
so-and-so.” 

These inquiries stump us, for a helpful answer requires 
fairly complete knowledge of the facts—and in most cases 
a statement of the pertinent facts would fill a four-page 
letter (whereas the usual inquiry is a four-line letter). 
Convinced as we are that classifications and definitions 
are the key to useful knowledge, we venture to state two 
needs: 

There is a crying need for general agreement on defini- 
tions of the four terms: Installation, Care, Maintenance, 
and Servicing. Also for better understanding as to the 
dividing line (or lines) between the maker’s and user’s 
responsibility. 

At present, however, there are so many groups of instru- 
ment manufacturers and instrument users concerned, and 
they are all so busy (it’s because they’re busy that the 
questions come up) that it is utterly out of the question to 
think of holding a convention or symposium, with official 
delegates, ete. 

Besides, there is a double infinity of possible cases: the 
vendor of the instrument may be a one-man firm or a 
giant corporation; the user of the instrument ditto. At one 
extreme we have Bill Jones, who builds (or rather assem- 
bles) testing sets in the basement of his dad’s house, sell- 
ing sne of these instruments to Joe Smith who has a 
radio shop around the corner. Toward the other extreme 
ve have, for example, what your editor actually saw four 
years ago: carloads of instruments and meters from sev- 
eral large companies being received at Boulder Dam. 

Bill Jones and Joe Smith conduct their negotiations 
orally and the agreement as to installation, care, mainte- 
nance, and servicing probably consists of the following 
lialogue: “I got her calibrated, Joe. She’s right on the 

se. Treat her right and she’ll never go sour on you. 
just remember that zeroing screw.’”—‘“Okay, Bill, but if 

e does go sour you'll have to come an’ fix ’er.” 

The Boulder Dam negotiations probably began years 
efore the delivery of the carloads of instruments and 
eters, with conferences over blueprints and_ specifica- 

ms, and hundreds of typewriters clicking in Washing- 

Denver, Los Angeles and Boulder City, as well as 
ewark, Schenectady, and Philadelphia. Receiving, un- 
icking, transporting to location, and erecting—these labor 
ms alone required crews as large and well-drilled as 
d-artillery batteries. The story of the installations and 
tial tests could fill a volume—and no doubt a few parts 
this story have filled many pages in technical mag- 


azines and official reports. The ‘maintenance mechanics” 
(we spoke with several) are in reality junior engineers 
with high ratings in the Civil Service. The servicing 
agreements are no doubt longer than insurance policies. 

It is between such extremes, however, that the need for 
clarification is greatest. Neither Joe Smith nor Uncle 
Sam has asked our advice. The inquiries we receive come 
from “the middle-class.” 

It was at the turn of the year that the volume of these 
inquiries began to grow. By a happy coincidence, the last 
meeting of the American Society for Measurement and 
Control was largely devoted to a general discussion of 
user maintenance and maker servicing. A number of inter 
esting episodes were related; and several interesting situa- 
tions described. It is not amiss to record here a few of 
these cases. 

Case 1] 

Related by head of instrument department of a large 
company where nearly 3000 industrial instruments are in 
use: “According to company rules, instruments as well as 
tools, parts, etc., that come in wooden cases are unpacked 
by the Janitor’s department. Instruction sheets get lost 
I have asked the instrument companies to always send 
duplicate sheets by mail but they don’t all do it in time. 
Absence of instructions recently resulted in damage dur- 
ing installation, necessitating shipping the instrument 
back to the factory for major repairs beyond our facili 
ties.” 

Case 2 

The same member: “Another source of trouble is night 
crews. Many departments are running twenty-four hours; 
but not the Instrument Department. I thought that cutting 
the capillary tubes of recording thermometers was just an 
amusing fiction until I was called out of bed at 3 a. m. 
because a night foreman had actually ordered a man to 
do just that.” 

Case 3 

A member: “Cutting the capillaries of thermometers 
does happen in more cases than you’d think. Some users, 
though, are almost afraid to touch instruments. A com- 
pany near Pittsburgh bought their first recording the 
mometer and had three service calls because the instru 
ment had stopped recording; and each time, the service 
man merely had to screw down the lock of the glass door. 


You see, this was one of those recorders with an auto 
matic pen lifter.” 
Case 4 

Chief instrument engineer of another large company: 
“The receiving department delivers instruments to ow 
department in their original packing-cases, but our men 
know so much about instruments that sometimes they 
scorn reading instructions. When a new and interesting 
type of instrument comes in, we all monkey with it. I am 
me of the curious ones. I can’t resist the temptation of 
turning anything that looks like a hex nut. We are so sure 
yf ourselves that factory adjustments don’t mean a thing 
to us: we recalibrate almost everything that comes in. O1 
the whole, this works out fine, but we never can be sure 


whether any instrument was in good adjustment at the 


(Concluded on page 72) 
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AC-ME RECORDING 
GRAVITOMETER 


ACCURACY 
with 
SIMPLICITY 
for 


RECORDING 
SPECIFIC 
GRAVITY OF 
GASES 














—~ FEATURES — 


Requires minimum of maintenance 


No rotating parts 


Automatically compensated. 


Manufactured by 


THE REFINERY SUPPLY CO. 


TULSA, OKLA HOUSTON, TEX. 
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Moisture 
Teller 


* 





rate moisture test in per 
entage by drying. Drying temperature 
nt ed by thermostat Ideal for plant 
sture sntre laboratory moisture 
determinations 
me required to dry the majority of 
materials is one minute 
Suitable for granular—fibrous—crystaline 
terials in industries such as 


Sand —Textile —Tobacco 
Ceramic—Rubber—Food 
Wood—Mining—Leather 


Write for Literature 


Harry W. Dietert Co. 


9330-C Roselawn Avenue 
Detroit, Michigan 
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THE MONTH'S NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measure ent 


inspection, testing, metering and automatic control. 


When writing to manufacturers directly, please mention this department as your sou 


information. Or write to Information Section, Instruments Publishing Company. 





‘Thousandth-of-a-degree” 
Beckmann Thermometer 


| Viscosity measurements, 
determina- 


boiling 


calorimetry and 
tions of freezing o1 


points of commercial products 





) a frequently call for reading 
temperatures to a thousandth 
of a degree. This sensitivity 
is attained in a new design 

of Beckmann or variable-set- 
ting type. Scale covers 5°C 
subdivided to hundredths and 
b4 a the reading may be estimated 
} to thousandths with a magni- 
fier. Construction differs fron 
that of the rather fragile 
Beckmann thermomete! in 
| that new instrument has a 
| solid stem ind, except for 
setting device it top, closely 
resembles the usual labora- 

Ss tory thermometer. Setting de- 
Vice is said to be simply con- 
structed and easy to use. Due 
to smaller bulb, lag is con- 

it) | siderably shorter than _ in 
isual Beckmann type. Etched-stem construc- 
tion eliminates uncertainties Lens-front 
stem tubing facilitate readings Philadel- 
phia Thermometer Co., 915 Filbert St., Phil 


— 
adelphia, Pa 


Float-type Liquid Level 


Controllers 
Design of new Moor Liquid Level Cor 
troller b it 1 1! Kir land 
ire-t t t lect 1 te 
? ? t I t} gl } \ ll { 


flange \ flat lever inside this tube ind 
fastened to the float shaft end actuates air 
pilot or micro-switch for controlling liquid 
level \ change in buoyant force on the 





float flexes the flattened tube and th g 
the flat lever transmits the float mot 
itmospheric pressure, Sensitivity: a « z 
in level of 14%” of water will result in 

15 Ibs./in.2 change of transmitted c 
pressure. Flexing of flattened tube is 
times within its elastic limit and tests 
shown that with a special float the 
ment will operate at 5000 Ibs./in.2 pre 
reduction in 
larger we 


with only about a 20 
tivity. By using slightly 
floats this controller is used successfull 
interface level control where differen 
specific gravity is as low as 0.07. Mater 
used may be changed to. suit corr 
liquids and since there are no rotatin 
sliding parts, all exposed surfaces n 
silver- or gold-plated, or rubber-covers 
resist action of various chemicals V 
Products Co., 8629 N. Lawrence St., P 
delphia, Pa 


Fractionating Pump 


New all-metal fractionating pump 
MC-275, 1.dded to maker's line 

icuum equipment, is a vertical unit 
veloped specifically to meet needs of 


FEES 


AQUA IDDIDE bb. 


~ 
“ 

~~ 
~ 
_ 
~. 
~ 
n 
~~ 
& 
i 
~ 
— 


KAAS 


f 





lal fieid in which a more rug 
han I well-known glass-metal 
equired \ll-metal construction Zz 

iinst ecidental breakage. Pum} 

sily b lapted to fit most vacuu 
ter extremely high peeds (ne 


ters ! rey ivailable 

nge of 1( to 10 mm. of Hg. Thi 
speed, coupled with the ultimate \ 
rating of 610-5 mm., fits pump for 
vacuum apparatus and in 


ond } ire 


with high 
coating, metal sputtering, lens coatins 
\lthough not of multistage type, unit 
fractional model due to its catchment 
on the forepressure arm. Special ru 
esters are used as pumping fluid.—Dist 
Rochester, N. Y. 


tion Products, Inc 








Portable Hardness Tester 


“Impressor” is a pocket-size hard- 
aluminum alloys or similar 
hard rubber, ete. It 
parts of almost 


tester for 
etals, 
testing 


plastics, 
finished 





\ slight pressure against 
tested is said to give an 
No experience 
of this instrument is necessary, 
is not affected by operator. 
npressor may be used in any 
ven inverted) thus making it possible to 
hardness of vital points after parts 

e been fabricated in finished assemblies. 

Barber-Colian Co., Rockford, Jl. 


size or shape. 
surface to be 
tantaneous direct reading. 
the use 


recuracy 


Daily Tear-off Device for 
Strip-chart Recorders 


New daily tear-off device for ‘Micro 
iX strip-chart recorders enables users 
these recorders to tear off and file a rec 

ff each day’s operation. It is said that 





device ean be 
ed. When it is used, 
rt, and it is 
rt through guides 


quickly and 


easily at- 
there is no wasted 
not necessary to rethread 
\ rubber stamp can 
furnished which identifies recorder and 
ition of thermocouples.—Leeds & North- 
» Co., 4984 Stenton Ave., Philadelphia, 


position | 





TRADE MARK REGISTERED U 


LATION TEST 


31 O10 7A'4@) Fy he Be On 
Simply by turning 
EWkes ¢-b a8: 


SE vate (-Eee OM colo] OM t2c1e) = 8 E 
Weighs 3 lbs. Price $80. 





Protection Against 
Electrical Breakdowns 


Here is a testing device that should be used today by every 
maintenance man who is seriously interested in forestalling 
electrical failures. Detects dirt, moisture and deterioration 
in the insulation of practically all types of electrical 
equipment. No batteries or any ‘‘adjustments.’’ Independent 
of all external current. Simply turn the crank; read the 
scale. Can be carried in pocket or tool kit and is ready 


for use any time and any where. 

Our Midget ‘‘Megger’’ Tester 

as well as other types of hand 
driven and motor-driven ‘‘Meg- 
ger’ Insulation Testing Instru- 
described in 
Catalog 1685-I 
Write for copy. 


ments is new 

““Meg’’ Insulation Tester 
"‘Megger” instruments of this type have 
ranges up to 2000 megohms with hand 
generators up to 1000 volts. 


just issued. 





nas arcu street Electrical and Scientific Instouments PuILADELPHIA, PA. 
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Recording Thermometers 





ited Class I Recording Thermometer and 
the Fully-Compensated Class I” Record- 
ing Thermometer. Improved design and con- 
truction of the measuring elements, tubing, 
ind bulbs in these instruments are said to 
xtend the field of application of the liquid- 
filled thermometer, making it possible to 
take iivantage of the 
f the Class I 


ma ereater variety of temperature-measur- 


desirable character- 
thermometer systen 


ing problen The case-compensated instru- 
ent is offered in temperature ranges up to 
{00°F ind tubing lengths up to 10 feet on 
mger depending on conditions surrounding 
installation The fully-compensated 
ermometer may be had in ranges up to 
i equipped with 200 feet or less of 
nnectiz tubing between instrument and 
bulb. These thermometer ire said to have 
higher ensitivit nd accuracy Improved 
1 ? measuring element 1 considerably 
nd: powerful than previou 
! Variation in temperature lor 
bh ] y cle t t my l ur 
rir ter t} ry 
! il 1 ir ker I e-Var 
) t ] I my ( ntr The 
( We hu ( ’ 
° ~ ° 
Mercury Midget Switch 
new xtreme] mall mereury switel 
! li ) gr for u 
, t pt 
nt I t l ! e 4 
lr} y 
W Bi pp t T nme vt I 
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’ 4 a 
a ~ 
, . T) 
t I tains 
\ w“ r ib 1] ’ 
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whet id | i Switel 
1 t te] 
phor ! bil lov 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
} duced : Temperature 
Ranges adjustable to 
700°F. 








Philadelphia Merc-to-Merc 
Temperature Controls and 
Mercury Plunger Relays 


& 
The Philadelphia Thermometer Co. 


915 Filbert Street i Philadelphia 
WRITE FOR CATALOGUE 
No. 104 


Oldest Thermometer Manufacturer 


in Philadelphia 














FALSTROM 





FALSTROM Precisioned Steel Panels 
are specified by engineers for their 


Strong Construction . . . Adaptability 
. Fine Appearance... for use in— 


POWER PLANTS 

OIL REFINERIES 

PUBLIC UTILITIES 
PROCESS INDUSTRIES 
COMMUNICATIONS 


Send blueprints. Write for bulletin P-3 


ALSTRO 


COMPANY oF PASSAIC N. J. 





Double-reset Timers 


New Automatic Double-Reset 
have been designed for industrial 
tions requiring an adjustable and 
repeating time cycle They incorpor 
provement 
ly announce 
maker’s Tin 
lay Relays al 
set Timers 
scribed in 
recent Issues 
Struments., 
twin unit « 
ot two reset 





mechanisms 1 
ed upon a 

panel and cor 
ling common 
trical circuits 
have the same 
justments 
“band-spread”’ 





scales. Gray e1 
eled die-cast 

ing is  dust-; 
facilitating n 
ing and wit 
Either conduit 





BX type wirir 


oo may be used. H 
ing may be locked as protection agair 
ilteration of timing of industrial proce 


Operation may be described by a ty} 


us¢ furnishing a 10-second impulse 
90 seconds for signalling or heating 
trol purposes For this, a 120- and 


second timer are combined; one timer 
set to close the control circuit in 90 secon 
the other is set for 10 seconds. Switc} 
irrangement of the entire instrument 
be used as a s-p. d-t. switch. Once the 
has been energized, first timer closes 
trol circuit it end of 90 seconds Sed 
timer then operates simultaneously wit 
livery of desired impulse for a period ¢ 
seconds First timer has meanwhile 
ind is again put into operation at er 
the 10-second interval when second til 
opens control circuit and cuts off the 
pulse The interval ther 
curs. This continues until external cont 
switch is opened. New Double-Reset Ti: 
are furnished for 110- or 220-volt ar 
or 60-cycle operation. Time 
ible for each of the individual timer 
15, 30, 60 and 120 seconds, maximum. ‘ 
rent carrying capacity of the switche 
10 amperes at 1109 volts 60 cycles. Hou 
dimensions are 752” * 4%” x 33”. Kr 
outs for ,” and conduit are pro 
R. W. Cramer Co., Centerbrook,. Cor 


90-second 


ranges 


Mercury Switches 


New “all-metal” mercury switch is 
ignated — the “Tipit Switeh.  Illusti 
shows “Tiny Tipit’ which has a capacit 

amp. at 24 volts to 4 amps. at 6 





under-the-hood illu 
tion, glove compartment lighting, infreq 
operation of a low-watt circuit, explo 


Among uses are 


itmospheres, etc. Switch mounts in a 
holder with screw stakes for terminal 
nection. This assembly is attached to 
lid, or other movable member. Switcl 
erates on a tilt of 20° or more Dura 
Inc., 1010 N. Main St., Elkhart, Ind 








[hermocouple for Molten 


Glass 


Deep-immersion Thermocouple fot L 

glass represents ten years of re- 

id field tests of successive designs, 

r main objectives: (1) to measur -~ iad * a - 
a 









Johnson “Absolute-positioning™ pilot 
operated Damper Motors with two 
diaphragms, insuring precise posi 
tioning of dampers. No springs. 





s temperature where there is an actual 
ff glass through spout orifice rather 
in stagnant mass at side walls; (2) 
uring element rigidly located and not 
le to be bent or damaged by glass flow 
floating brickwork; (3) avoid con- 
ination of glass; (4) thermocouples to 
eadily and safely removable and _ port- 
ble Although primarily developed for 
eders, newly announced assembly is suit 
for glass pots or tanks. Illustration 
s out main outward features. Thermo 








“Streamline’’ Modulating Valves, an- 
other exclusive Johnson development, 
with seamless metal diaphragms and 


iple wires are rare-metal, with their unique throttling characteristics 
uring-junction tip grounded igainst 
of rare-metal sheath to minimize ther Johnson Room Thermostat 
Tf rf ( 4 OSs { 
op PR : : m : . 
l lag Brown Instrumen Co., 448 with adjustable sensitivity 
1a Philadelphia, Pa Eliminates ‘‘hunting™’ and de 


parture from control point 





Johnson ‘Piston’? Damper Motors, 


Generator Field Rheostats affording long-travel at full power, a 


feature not found in other damper 


Use of new generator field control rheo- motors. Available with or without 
tats is said to accomplish close control of ad pilot mechanism 
enerator voltage and to simplify design 

yblems for generator and switchboard ds 


Every device pictured here brings 
you a new conception of precision, 
greater flexibility, and increased 
understanding of what you may 
expect from Johnson’s modern 





“Absolute-positioning’’ Modulating 


automatic control equipment he, _4e Valves, with Johnson pilot mechanism 
: ; and “Streamline’’ gradual control 
The Johnson line of pilot operated characteristics. Maximum power for 
re-positioning at slightest command 

apparatus, for truly modulated of controlling instrument 


operation by Johnson gradual act- 
ing instruments, with adjustable 
sensitivity, is the very latest 


‘ 





‘word”’ in precise synchronizing of 





X . 
control devices. Ask to see a John- 

ers. By providing practically continu- son engineer from a nearby branch 

variation of resistance in even the ~ ‘ "9 eo, pe a cenen 
illest size s, new rheostats are said to office or send tor detailed bulle tins Insertion and Immersion Thermostats 
ct considerable saving in ontrol-panel Johnson Service Company: Mil- with Johnson's distinctive sensitivity 
b particularly “achat ia portable - me achat a, oot gae on vege gg to 

‘ ‘ Uy nits cos al valance “‘time-lag’’ against the cz 

Giiak dk on Wes eekadaione, waukee, Wis., and direct branches edilitet 48 tke cosa eae 

lighting plant generators, ete., also on in all principal cities. 
pboard, trains, planes, ete. New rheo- 


¢ 


ire tapered or uniformly wound, as 
llired, designed to provide control for 
rately- or self-excited generators. They 
ivailable in hundreds of standard size 
ts, from 25 to 1000 watts and from 24-32 
3s to 320-400 volts. By connecting rheo- 


ts in tandem, this ae can be extended TEMPE RATU RE AND 
Ohmite Manufacturing Co., 4835 AIR CONDITIONING 


noy NSt., Chicago, Ill. 
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Automatic Liquid-metering Photometer for Vitamin 
oa SHOR AURCRAFT | see cas ant Wateomenr 
pir nabs TEST WORK ceoteaaaier ie saciesed Se ete 
: , ntrol. knowr Vitamin A concentration. Its operatins 
” . BR tey f ttachment o1 Trimount Well Type Manometers have ciple is measurement of ultraviolet lig 
. been accepted because of their wide sorbed by a Vitamin A solution, 
ition 
‘ bie 3 range and flexibility in perform- phototube and electronic amplification 
ing all tests which require great U.S.P. Reference Cod-Liver Oil u 
MERCURY SWITCH accuracy, for testing aircratt om : ie ’ : = wR: 
— : RESET MOTOR CIR equipment. - - Send us your in- waren Me \ it imin “as In a Lm} 
Ta a quiry for manometers and cata- read directly from a chart without 
.. . ae pee " log B-2 tion. Useful measuring range i 
LAS en 
(yp hh JF \ ' ORE P cover the widest variations encounte1 
b4 a a l \\ i. FEATURES ny one species of commercial fish oil 
oaths a , +s ‘ 
df » Py) } ys a b @ Wide, easily visible required for a reading is about 90 
ae LA rail we) 9 a etched aluminum scales— Instrument is portable, operates fror 
O ye ag re \ © External zero adjustment 110-volt 60-cycle socket. Light source 
~ 4 ia? 
| né=— J 4 : tA ] : screw. irgon glow lamp having strong 
x | . = ~*~ e ”» ”» 
€ iC aft F ‘ * e) @ Heavy wall Pyrex tubes bands at about 318 and 338 millin 
— - sy ih 7 —annealed after forming 
‘ ns A, 01{+) ape } an ~<S / —ends_ flame 
¢ td ae {Es i Le eh// rounded. 
7 SS Se @)/ 
. ee Wy @ Available for 
QQ A emer RY Yi A } panel, bench or 
SUR PY ee: wall mounting. 
. Z aff a “ TERMINAL POST 
— os <a ‘ @ Glass protec- 
MERCURY SwiTC> tion covers on 
we aie asic all models. 
METER SPNOLE SPINDLE CHANGE GEAR : 
REAR ver = RON Ase 
I i on Sy Re ROA 
0 > \ 
X . ator 
» HAND 
- ~ APa 
| . a orcareiee which are within Vitamin A absorpt 
2 | “Siebel band and close to its maximum. These 
‘ tit = ary sai Pes ire isolated from the rest of the 
is . . " 
} pectrum by means of a filter especial] 
att Ye TRIMOUNT INSTRUMENT co. veloped for ibsorbing ill other light 
a 332 S. LaSALLE ST. CHICAGO, ILL. which the phototube is sensitive. Cir 
. CAPACITY fully compensated for changes of light 
/ SETTING KNOB F 


tensity caused by line voltage variat 


TRIMOUNT MANOMETERS Two-stage amplifier provides required se 











an TOTAUZER tivity \ logarithmik iperture serves f 
wow yesT wane balancing the circuit, gives a linear calil 
tino curve, is operated by a knob conne 
i constructed that when a predetermined to a dial graduated in 100 equal divi 
quantit Of water has passed through the Readings are reproducible within 0.5 
meter contact will be made which will most of useful range Photometer car 
initiate t} iutomatic evel After this used also without changes or special 
eter ntrol resets itself and is automatic 'D) /\\/ = IN] ment, for estimating Vitamin B, (b 
lly read to measure the predetermined Melnick and Field adaptation of the I 
quantit f water before the next automatic bluda-McCollum color reaction) Phot 
Ses ATTENUATORS [eens 
nstruction but note that entire glass-cove1 
»D l mitted f1 upper one F« 
t new hanisn il that mereury . a W | : 
wite! ied throughout to provid Ignitron Tubes for Welde: 
I trical contact and freedor from 
st and corrosion problema. There are no Control 
etrical current-carrying parts on the dial Ignitron tubes for resistance welder « 
Adjusti nt of the quantity of water that tral now have both inner and outer jac 
Will | through the meter between auto- of stainless steel and are completely cor 
Atle ali rccomplished by means of sion resistant. New tubes,  particul 
in easil ect ble dial visible through the 
la face re the totalizer, test hand * 
r ! ! t Pe / urir ('o e 
WW 5 ~ \ } ( 1 














] ° se ’ 
Plug-in Filters 
° ° 
ite. sia For Use in Audiometers, 
ed pe 
l iltiple ectior ind inductances in 4 
nultiple sec presen Noise Meters and 
I 1 ! Ist I rouble " 
nterferencs Ly ‘ f 1 
Designed 1 Sound Level Indicators 
nstallation at pow 
r outlet to whicl The DAVEN catalog lists the most complete 
interfering device j line of precision attenuators in the world 
connected, it facili Ladder, TT type, “Balanced H and 
tate electin Potentiometer networks—both variable and 
proper filter f : fixed types—employed extensively in control 
ainindeh cn 1. positions of high quality program distribu 
. : ere ot ‘ tion system and as laboratory standards of 
Wit up & attenuation. Super DAVOHM resistors are 
pere. Supplic in precision type, wire-wound units of from 1%, 
rounded corner to 0.1% accuracy. More than 80 models of 
tanzular ; , Laboratory Test Equipment are listed. 
x 1%, x l 
7-16”, the filier is designed for use on 115 Write for your copy of this 
volt a-c. or d-c. lines only. A ground con complete DAVEN catalog. 
nection is provided and s} ild be used for idapted to this service, can carry high pe 
maximum  effectivenes For convenience currents for short periods, are availabl 
this ground may be n le to chassis or THE DAVEN: COMPANY ratings suitable for controlling nearly 
frame of offending device Sprague Prod sizes of resistance welding machines G 


ucts Co., North Adams, Mass 158 SUMMIT STREET ¢ NEWARK, N.J. 


‘o., Schenectady, N ) 
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EW!—COMPLETE! 


THERMOCOUPLE 
ATA BOOK and CATALOG 














NEW 
THERMOCOUPLE 
DATA BOOK and CATALOG 





Every thermocouple user needs a copy of 
this new Wheelco Bulletin. It not only con- 
tains prices and descriptions of our com- 
plete line of thermocouples and thermo- 
couple accessories but, in addition, gives 
recommendations for their selection and use. 
Essential data—the making of thermocouples, 
temperature conversion and_ millivoltage 
tables, wire resistances, etc.—are also in- 
cluded. 

You can select and order the thermocouple 
you need, directly from this book. 


FREE—upon request. Ask for 
Bulletin §2-3 


heelos Insthuments Ce 


1929-33 S HALSTED STREET ° ° CHICAGO. ILLINOIS 





IMPROVED 
“SPOTLIGHTS’’ 





Rubicon MULTIPLE REFLECTION galvanom- 
eters have recently been much improved through 
redesign of optical system. The definition of the 
line-image is now so sharp that readings can be 
stimated to .1 of a millimeter division. 

These sturdy self-contained galvanometers are 
ivailable with sensitivities as high as 5 x 10-3 
impere and 1 x 10-° volt per millimeter division. 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 
> c ~ ° ° 
Ridge Ave. at 35th St. Philadelphia, Pa. 
ralvanometers, Electrometers, Potentiometers, 
-olorimeters, Wheatstone & Kelvin Bridges, 
\esistance Standards, Resistance Boxes, Coil 
Testers, Clip-on Ammeters, etc. 





Molding Sand Sampler 


New Molding Sand 


i 


length of handle such as t illow 
samples to b taker 24” fro 
yuter surfac f ip. Sand pus} 
tr ligt tal mir T 
I is pus 1 ir r s th 
s representat W t 
pulls r 
tair | t 
! l H yw D ( 
S I 1 dD ' 


Impulse-method Tester for 
Pressure Gages 


New “M.S.A. Vel Power Gage T 
is designed for safely testing gages use 
conjunction wit! ( npressed gas torag 
cylinders, to determine their ability to wit 
stand sudden 
ipplications rf 
surge pressure 
ncountered in- 
der service con- 
ditions \s n 
maker’s other 


l 
l 
l 


t 


( 
( 
( 
( 





Rehiges. aa oe 
s utilized as a source of pressure. Seve1 
mpulse load gives assurance of gage’s abil 


ty to perform satisfactorily in service, it 
stated. A transparent guard, covering gage 
o be tested, permits visual observation at 
ill times. Pressures resulting from cartridge 
lischarge are transmitted directly to gage 
iusing it to function in a normal manner 
inder high initial loads. A signal light indi 
ites that gage has been subjected to re 
juired test pressure. Mine Safety Appli 
ices Co., Braddor k, Thomas and Veade 


Sts., Pittsburgh, Pa 


Midget Indicator 


New “Universal 
Midget Indicator” 
differs principally 
from conventional 
small-size indicators 
in that it contains 
a completely geared 
ind fully-jeweled 
transmission, with- 
out can or lever 
ction. Measuring 
spindle moves in a 
straight line, not in 
1 circular are, In- 
dicator is made to 


measure to 0.0001”. 





Standard Gage Co dnc / 
Prughivepis NY / 
USA 


Dial graduations 
are ”“ wide. Gradu- 
ition in 0.001” and 
0.01 mm. or 060.005 
mm. is also avail- 
ible. Length, 254” 


width, 1%” dial 
diam., 1” weight, 
2 oz. Optional ac- 





cessories such as 

bellerank lever, uni- 
versal joint holder, and round and flat faces 
ire available Standard Gage Co., Pough- 
hee f psve N. } 





METERS and CONTROL 
jor Boiler Roam 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage. low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy vet 


sensitive diaphragm units. 





Mualti-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 





terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test eflicien- 


Coal Meter 


cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 

Complete Information on any of the above Ba'‘ley 


products will be gladly furnished upon request. 
G-14 


BAILEY METER 


¢ COMPANY - 





1041 Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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Millisecond Timer 





" in 
{ 1 t i1s nad ( ! b 
f ' 1 oo I) ir tl 

bh sured KI \ 
I i ! b I g ! 
I tt rent bel SW I 1 
I tw Thyratror \ | ti 
I t id of first tub igni 
nd t t p I pr isl 
} ’ nt bh list ] I 
t \ 1 f int ] pul 
I t wi i connected 
t lower potential of plate of first tubs 
t t N t xtinctior point cutting off 
ent throug galvanometetr Throw of 
pointer 1 proportional to quantity of cur 
nt passed and therefore to measured tin 
nterval. Exact relation is 7 D/K I, where 

D is number of divisions deflection obtained 
Ki Ivar ter constant expressed in 
livi i of scal deflection per microcou- 

mb. J is current in milliamperes, and 7 
t t 1 in milliseconds. To prevent 

to galvanometer in event of failure 

f neration of tl second pulse (applied 
nt beir ! I times greater than that 

I 1 ft full-scale leflectior fi 

ntir t nts) n t pul 
is b t-11 to |} 1 Se nd 
bef t ! harg has pa d 
} 1 t la 2 £ nomete ir 
Y I is not plied by ex 
r Calibratior f the know? 
plished 1} witcl ! 
1 \ . iT et 
t } t isted b 
! i milliar 
r nst nt \ } t 
lib r I vided b i 
I ! p t harged t 
r k t nternal bat 
D r ! 19 YW } 
44 } i g Elec ] i ‘ * ¢ 
( } V 
Extra-heavy-duty Plug-in 
Tube-type Resistors 
N t ent plug-in tubs 
I MT fc xtr 
I sual } 
\ W I lirect 
W pl S ) 
ibr vinding which n 
t ibr braiding 
t Gl ulated 





Vacuum - - - 
Thermocouples 


featuring 


DEPENDABLE STABILITY 
HIGHER OVERLOAD 
’ FASTER RESPONSE 





Our thermocouples will meet the 
most rigid requirements. Write 
your requirements to— 


American Electrical Sales Co., Inc. 
67 E. 8th ST NEW YORK, N. Y 
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voltage at all times vou cat pend on 
SOLA CONSTANT VOLTAGE TRANSFORMERS 
' ver for \ ; ven th vh th : y ' 
i the l 
ret I or pe! S a\ix 
t { ow I 
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past 
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ALOG 


ra nusonness 






gore | 
qusct® : 
sore _ += 


2525 Clybourn 


Chicago, Illinois 














“The Widest Selection 
of TIMERS and 


CHRONOGRAPHS 
Best Quality in 
every Price Range 


JULES RACINE & CO. 


20 WEST 47'* ST., NEW YORK 


FREE 
Catalog 
on request 














ent handles over three times wattas 
isual bare winding. Some units are 
with a combination of bare winding 


glass-insulated 
form. 


6th St., 


winding, supported 
Clarostat Mfa. Co., 
Brooklyn, N. Y. 


Same mica 


Fluorescence Meter for 
Vitamins B, and B, 


Fluore Mets 
instrument for mea 
the fluorescence of a 
ror Instance in thio 
termining Vitamin B 
R 


New ‘Lumetron 
photoelectric 


scence 


solution as 

hrome method 
ind in method 
Vitamin B 

instrument’s d 


requ 


Hand for determining 


claimed as a feature of 


that instability of readings, cause 
fluctuations of the light output of 

reury-vapor lamp ire effectively el 
nated and that strictly reproducible 1 
urements are obtained. Such stability i 


ttainable by merely holding mercury 
iItage constant because mercury light 
t ilso to thermal influences. In new 
t ent, stable readings are obtained 
of a balanced bridge circuit Light 
cury vapor lamp, after passing thr 
filter which transmits only ultra 
liatior split into two beams, one e1 
ing sample holder and acting by fluoresce 
on the measuring photocells, the other 
1! upon balance photocell Ratio of 
ents is used to measure fluorescence 
that change in the light output, act 
equally on both measuring ind bal 
cells, has no effect upon the readings. Ab 
12 ec. of liquid are sufficient for fluoresce 
determination. Color filters between 
holder and photocells eliminate influen 
primary (ultraviolet) radiation which 
be scattered by suspended particle in 
lution, thus excluding effect of turbidi 
Null detector is a multiple-reflection 
vanometer (G-Ie Co see Instruments, } 


Readings are taken direct 
lide wire of 
ivoid non-linear 
logarithmic re 


working against 


1941, page 36) 

on the dial of a linear cl 
] ji ity of re 
ings, caused by 


photocells if 


por 
load re 


ince, cells are connected in a “zero potent 
circuit” in which the measuring cells ope 
igainst zero resistance when galvanor 
indicates balance. Mercury vapor lamp 


in ll-quartz envelope and highly cones 


trated mercury are, is of high-pressure 
ving strong emission in the parti 
ultraviolet region which causes fluorescer 
Optical system also is of pure fused quar 
san instrument can be used for tr 
ission measurement for instance to 
termin Vitamin \ concentration Mo 
er, mercury vapor lamy can be repla 
b in incandescent lamp for determinati 
by means of transmission in the visit 
! of Vitamins C, D, E, carotene ur 
nicotinic acid as well is to general color 
etry and abridged spectrophotometry. 
Fo taking reflection measurement 
ids, powders and opaque liquids, a 
flection arch unit can be connected to t 
instrument. This unit comprises a_ phot 
ll and an incandescent lamp as well a 
eY which forms a lizht spot of about 
on surface under test. Bulb of sé 
nit operate in parallel with bulb ins 
trument » that stabilitv of reading 
ntained. Search unit permits the us¢ 
r filters for trichromatic and abrid 
ect hotometri analysis. Photon 
Corp., 1! East ,Oth St... New York City 














SMALL DRILLS 


from .0016 up to .1969 inch diam- 
eter, all sorts of small turned parts. 

Small wood screws in brass, steel, 
etc., turned from the bar. 


BLACK GRINDING DISCS 


H. C. M. ENGEL, Inc. 


P. O. BOX 233, SIDNEY, NEW YORK 























HICKOK 
LECTRONIC BRIDGE 


(Patented Circuit) 





RADICAL BRIDGE DEVELOPMENT 


Featuring Electronic Cosine Galvanometer 
and Electrical Triangulation 


Measures Capacity, Power Factor, Phase Angle, 
Resistance, Inductance and Frequency. Indicates 
Synchronism. Null system employed to indicate 
bridge balance, same as in conventional D.C. 
bridge. Invaluable for use in schools, labora- 
tories, and inspection departments. 


Write for special four-page descriptive folder 


ee 
ADDRESS ALL INQUIRIES TO 
THE HicKOK ELECTRICAL INSTRUMENT CO. 


10514 DUPONT AVE. + CLEVELAND. OHIO. U.S.A. 








Micro-switch 


RELAY 


Particularly adapted for 
aircraft, machine control, 
motor and lamp loads, 
photo electric and similar 
applications where space 
and weight are factors. The 
type ‘‘G”’ Relay is furnish- 
ed to operate on d.c. only.* 
Contacts rated at 10 am- 
peres, 110 V., a.c. — com- 
pletely enclosed. Solder or 
screw type contact termi: 


@ for Clare nals optional. 
a 00 and 
TODAY * Other Clare Relays 
are available for 
a.c. operation. 


C.PCLARE & CO. 


BLAWRENCE & LAMON AVES. - fot ton Scie) 


4 5S EAST 26TH STREET NEW YORK CiTy 





Voltage Regulator 
i 





Steadi-Vo Is a new type of voltage 
regulator for laboratory apparatus, produc 
tion testing and heating equipment, ele 
tronic instruments, et Input voltage may 
vary from 95 to 130 volts output voltage 
is maintained within 1% It is said that 
there i i negligible variation in output 
voltage from no load to full load, permit 
ting ise of device it any rating up to 
maximum \ triple-output receptacle pro 
vides 110, 115, or 120 volts. Efficiency and 
power factor are said to be “high” and dis 
tortion “relatively low for a unit of this 
ty pe New operating principle involves no 
moving parts, issures Instantaneous re 
sponse. United Transformer Corn., 150 
Varick St., New York City 


Flow Indicators 
The six “Sight Glass” flow indicators pre 
viously announced (Jistruments, Jan, 1940 
page 28) have been supplemented by five 
smaller sizes with screwed connections 


hittings 


flanged design. Bodi re of cast iron 
pressures to 12 Ibs/in Pyrex window 
ire held in place by gasketed steel frame 
Weights have been reduced on all si 
Cochrane Corp., 17th St. & Allegheny A 
Philade hia, Pa 


Drafting Machine 


New Master-Drafto Model No. 60" takes 


1 maximum size sheet 24” 36”. It wl 
ire constructed of seamless steel tubing 
fitted with solid bearings. Scale blades are 
so designed that any scale, either boxwood 
or aluminum, can be inserted; and it is 


said that these scales will fit tightly into 
the blades without deviating from the nec- 


ssary 90 angle For center mounting the 
machine on a drafting board or table, a cast 
iluminum bracket is used, containing a 
screw for leveling the scales parallel to the 
drafting surface Stainless steel protractor 


plate is graduated in 2 ind can be set for 
5° readings by use of the graduated ver- 
nier. Graduations are machine cut. Protrac 
tor can be locked at any degree, but for 
speed and convenience is fitted with a latch- 
ing spring to lock the scales at 0, 30, 45 
60 and 90° on either side of the 0° reading. 

The Drafto Company, 175 Walnut St., 


Cochranton, Pa 





NEW! RAPID! 
ACCURATE! 


SHALLCROS 


per cent 


LIMIT 
BRIDGE 








Easy to operate, 
requires no technical 
knowledge, 


Tests and compares 
the resistance of coils, 
resistors from a frac- 
tion of an ohm to 10 
megohms or more. 


Built-in adjustable Re- 
sistance Standard. 
Built-in suspension gal- 
vanometer. 


t2 —5—10— 15 — 20% 


or any other combination 


Write for Bulletin No. 146-HT 





SHALLCROSS MFG. CO. 


Instruments — Resistors — Switches 


COLLINGDALE, PA. 
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Wet Test Meters 


\ removable back head is announced for 


ike! line of wet test meters, in order to 





both the low-pressure ind the new high- 


pre ure models) now may be equipped with 

thi levice. Its use is said to be especially 
! nt wher rs conditions make 

I xlical washing idvisabl« First-hand 
inspectior ilso i simplified, so that cor 

ior ind other effect may be observed 

¢ lily, ind need for repairs les- 

ened Improved bact head issembly may 

be ittached not only to new models but 

ilso to mete (with either flat or convex 
back |} ) ] l in ry imericar 
Vy ( r Ex h2nd St., N ) k Cit 


Roller-arm “Micro Switch” 


New metal-clad Micré Switch” has i 


roller arm adjustable vertically through an 
of 22 Lround it pivot pin, and also 
ntall n eight | ition t part It 

l itable f lide I i! ictuation. A 1 
dian roller of hardened and ground steel 
i irried on an oilless bronze bearing. Arm 
il inum die-casting. (Metal-clad switch 





init wa lescribed in IJnstru nts \ugust 
1940, page 202.) Inner Micro Switch el 
ment i rated by Underwriters it 1200 
watts up to 690 volt i It is single-pole 
only, with normally-closed, normally-open, 


or double-throw contact arrangements. New 


switch operates ons2° t 1° movement with 
provision for 20° to 30° overtravel of arm 
Standard conduit hub with wire way 


for two No. 10, or three No. 14, weather- 
proof wires, is provided. Wiring is to screw 
terminals Micro S1 h Corp., Freeport, Iu 


rTRUMENTS 
Page 60—Vol. 14 








Temperature 
Instruments 








Write for 
Catalog 40 





GOTHAM INSTRUMENT CO. 


Mfrs. of Dial Indicating, Industrial & 
Recording Thermometers 


127 Spring St. New York City 














HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 33 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 











TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 
Priced From $39:50 


Circular on Request. 


CONTINENTAL ELECTRIC CO. 


GENEVA, ILLINOIS 














NATIONAL 


Ril 1E OS STATS 


Ask for Catalog No. 5 


National Electric Controller Co 
5317 Ravenswood Ave., Chicago, III. 








Dial Indicators 


Hundred Series” dial indicators are 
“entirely new.” However, 
retain numerous refined features of ds 
ind construction developed by maker 


nounced as 








described (Jnstruments, Sey 
1936, page 243 May 1938, page 136 Ay 


1939, page 106). Makers’ announcement 


stress on compliance in every respect W 
gage characteristics and dimensions adopt 
by American (rage Design Committe 
Hands start at 9 o’clock position, make 
turns around dial and stop at 3 0% 


position. Range of each indicator is the 
by determined by number of dial grad 


tions. New indicator ire iilable in f 
i ] ge i Tage und a”, with cl 
of fourteen different dial numberings., B 


Waltham, Mass 


Spectrochemical Analysis 
Film Dryer 


Infra Red-Film Dryer, idded_ to 
er’s line of spectrographic analysis equ 
ment, will dry a 16” length of 
curling it. Wet fi 


y-IN tii 


it 0 seconds without 





i stretched around a glass forn An inft 
red lamp is located within this form and 
motor-driven fan in base of dryer force 
war! ir around outsid f glass fori 

that film is dried by infrared radiation ar 
by current of warn vit Air used is fi 


tered An electri timer starts and tl 

stops blower and cuts off current to inf! 
red lamp after 1 predetermined = time 

Harry W. Dietert Co., Roselawn Ave 
Detroit, Mich. 





iS 





t 


Magnetometer 


,genetometer is designed for the 
testing of permanent magnets, but 
idapted for testing coils Usual size 

li, 414”, Scale is 3%” long. 
for “the magnet being tested are 
n bars -— i 

case, 1 ”“ apart center-to-center, 
bars have tapped holes at the cente! 

t pole-pieces may be attached for 

larger, ind odd-shaped magnets 
extensions are made to fit particu- 

f user Dials normally have an 
scale marked from zero to one 
but special scales can be furnished 
Vhile originally designed for per- 


magnets, coils may be tested by 
the coil over a piece of soft iron 
fits the pole extensions. By passing 
current through a standard coil, 
coils may be compared. New in 


ent operates on one flashlight cell 
( Bank, Wayne, N. J. 


Photoelectric System for 
Flame-failure Safety 


protection in event of failure of lu- 
tus flames (oil, powdered coal, raw gas, 
) new “Protectoglo Photo-electrode Sys- 

employs photoelectric detection, there 





bviating need of locating a metallic 
trode in flames and therefore finding 
erred application where flame tempera- 
ire too high for metal electrodes, In 
netion and operation it is similar to mak- 
Flame-electrode Protectoglo” (Jnstru- 
ts, Jan. 1932, page 20; May 1936, page 
but differs therefrom in that it em 
1 photocell located not within the 
but at a distance. Cell output is am- 
fied, by a vacuum-tube circuit, sufficient- 
to actuate a relay. Response of system 
flames of different luminosity may be 
justed. With adjustment in maximum po- 
n, unit will respond to the light of a 
dle it other extreme, no amount of 
ht will close relay. To prevent transient 
disturbances from causing unneces- 
shut-downs, a time lag in relay opera- 
provided by the discharge of a small 
citor at the right of the sensitivity ad- 
nent. Lag is a function of flame lumi- 
ity and of sensitivity adjustment. For a 
en sensitivity setting, lag will increase 
in increase in luminosity of flame. 
ilarly, for constant luminosity, increas 
ensitivity will increase time lag. Under 
litions described, this lag can be varied 
zero to a maximum of 10 seconds. A 
witch connected in series with relay 
de-energizes relay whenever door is 
ned. Unit is supplied with a_ swivel 
inting which can be screwed to a length 
1” pipe supported from floor. This iso- 
S unit from heat of burner and furnace 
ind provides a ready means for sight- 
n flame. System is supplied for 115 
25 to 60 cycles. Furnished as a cut- 
model, for manual re-starting. The 
on Instrument Co., 4482 Wayne Ave 
idelphia, Pa. 


” extending 44” from 


ANNOUNCING 


NEW RA-330 SOUND LEVEL METER 





Gives you greater accuracy Smaller, lighter and simpler than 


revious models, the RA-330 (op- 
at lower cost! pueeaiag 3 
erating from self-contained batte1 


Designed for noise surveys and in- ies) and RA-331 (AC operated) are 
dustrial use, the new RA-330 uses as high in quality as all ERPI 
a moving coil mike —is calibrated acoustic instruments. Yet prices are 
from Bell Labs primary standards decidedly moderate. 

—meets A.S. A, standards. Write for full details today. 


Electrical Research Products Ine. 
76 Varick Street, New York, N. Y. 


A Subsidiary of 
Western Electric Company 


This RELIABLE 
GEAR-REDUCTION MOTOR 


is the “Heart” of the 
TAGLIABUE Saybolt Viscosimeter 


Viscosimeters are often operated 24 
hours a day, six days a week. Ob- 
viously, reliability of the motor drive 
is of primary importance, and long 
brush life is necessary. The Bodine 
motors used by the C. J. Tagliabue 
Mfg. Co. for their viscosimeters have 
windings specially designed to assure 
long brush life. Bodine makes motors 
tor the finest instruments. Over 1600 
standard types, 1/2000 to 1/6 hp. 


BODINE ELECTRIC COMPANY 
2244 W. Ohio St., Chicago, Illinois 
















TAG Saybolt Thermostatic Viscosimeter provided with 
Bodine Speed-Reducer Motor for driving stirrer. 


9 FRACTIONAL HORSEPOWER 


/ MOTORS 
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Tuning-fork-controlled 
Time Standard 


elf-starting electricall lriven 





f 500+0.1 cycles at 


rk has a frequen 


C. (closer tolerances special) and a ten 


rature coefficient if 0.06 cycle/deg.C 
Thermometer regularly provided can _ be 
ead to 0.1°¢ (Model “No. 5-3502" is pro 
vided with a constant-temperature box for 
tuning-fork.) Instrument comprises, beside 
tuning-for} il electrically isolated pic kup 
ind power amplified ind hence may be de 
ribed as a self-contained stable fixed-fre 
quency power oscillator. Output is undis- 
rted ne-W ‘ steplessly controlled from 
0 to » Watts by a knob on panel, 25-volt 
ix. undistorted voltage at 500 ohms. Out 
put impedance of 4, 8, 1 ind 500 ohms 
, lable at the turn of a switch. All 


shielded. Two jacks on 


inel for testing fork-driving amplifier and 


ity plifier Instrument operates on 

11 volt 0-60-cycle single-phase u.c., Con 
umes ) watts. Dimensions 21” 131 

l Weight 74 Ibs Lfmerican Instru 

( ‘ / Geo ! Loe Silve Sprviyeds 


Motorized Valve 


New Mot operated Saundetr Patent 
iid to be particularly idapted 


th Lutomatic ontrol of corrosive fluid 

quids containing solid viscous and vola 
tile substances or 
ises It may be used 
to control liquid level 
n tanks, vats, et 
lensity of solutions 
in evaporators flow 
of reagents in pH 
control, treatment of 
water ewart boiler 
feed water, et Valve 
bodies ure ivailable 
it variou types of 
lloys ol cast iron 
lined with lead, rub 
bet or glass to meet 


requirements of par 
ticular service Dia- 
phragms resistant to 
the fluids handled are 
ivailable Constru 

tion eliminates stem 
stuffing 
box and is said to 


packing oI 


prevent corrosion, 
clogging or sticking 
f working parts. 
Once installed, body 
remains in line, as 





only service neces- 

sary is occasional re- 
placement f diaphragn which does not 
equire removal of valve from line. Heavy- 
duty motor-operator may be controlled di- 
rectly from a liquid level, float, on pressure 
switch, relay, thermostat, pH controller, 
Auxiliary switches are 
equipment 


push button, et« 
provided for operating other 
such as indicating lights, relays, starters, 
etc Barber-Colman Co., Rockford, Ill. 
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TETCO 


Speed Recorder 


Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced 


The Electric Tachometer Corp. 
1358 Spring Garden St., Philadelphia, Pa. 








REMINGTON ARMS CO. 


CHRONOSCOPE 





Accurate Within 1% 
Between | & 200 Milliseconds 


Inquiries invited 


Dynamometers, wattmeters, milliammeters 
and voltmeters. Also ultra-sensitive meters 
both for A.C. & D.C fluxmeters, electro- 
static voltmeters from full scale 120 volts 
to over 20,000 volts, thermocouples, earth 
current meters, cable testers, etc 


Special Apparatus Built to Order. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 15 East 26th St., New York City 


Representative: E. N. Webber 
4358 W. Roosevelt Rd Chicago, Il 











ELECTRIC 
TACHOMETERS 


Portable Tachometer 


Multi-range indicator and generator com- 
bined in compact hand piece for general 
shop use. 


Stationary Type 


For permanent installation. Calibrated to 
suit your requirements. LOW COST 
widens field of application 


Bulletins on request 


THE WINSLOW COMPANY 


NINE LIBERTY STREET NEWARK, N. J. 








Dial Snap Gage 


Ordinary snap gages set to fixe 
ire suitable where varying pressure 
iterial. However, if close tolerance 
o be maintained, to the order of 0 





more refined gaging means are requ 
New Standard Dial Snap Gage is so desig? 


that the pressure applied is constant 


measurements are invariably repeated, N 
ly-designed indicator, graduated in 0.{ 
or 0.001%, 0.01 mn or 0.005 mm., is b 
into frame of gage Dial is convenient 
read while gage is in operation, as it 
lirect line of vision above operator 
Internal echanism 1 s} kproof. G 
face re tipped wit! tun ter t 
) led on the front lige. Zero tt 
£ Is effected vitl ige b 
lindrical master nd locked by 
standard lock for snap ze Ie 
} range Kight sizes ‘ ! 
! l I up t } range I 
Chat fi I t nother 
tal nlv a Ww ! Total } 
i ; S fe lard ¢ ( 
ee NV. } 
° - ° 
Oil-filled Capacitors 
Oil-impregnated oil-filled capacitor 
tubular for for amplifiers, in test ir 
ent ind laboratory rigs ure innour 
i tandard iten New 89 Serie 





1 cadmium-plated brass 
hermetic sealing, covered by a varni 

paper jacket with spun-over ends to ] 
vent shorting or grounding of sharply-b 
leads. Available in 400 v., 600 v., 1000 
ind 200 v. ratings, 0.006 to 0.5 mfd. ca} 
cities ferovox Corp., New Bedford, Ma 








Wire Insulation Tester | 





PYROMETER 


fora range of —200°C. to -- 40°C. cali- 


constantan thermo- 
couples, a duplicate of 


prev iously furnished. 


brated for copper 


an instrument 


Our files show many duplicate 
for PYROMETERS 
3000°F. from 


Ruggedness in 


orders 
In ranges up CO 


Satisfied customers. 








Construction, accur- 
acy of indication, and long life 








Rive 





results that mean repeat orders, Our 
Vy zing a needle which acts as a instruments wil] satisfy you too. 
nnger-nail tO Wear thy ugh the ’ . 
Pauit nsulation to the metal underneath 
nae needle and wir closes an el 
ny cult and the devices Stors automatic 
\ thus making the test independent 


perator’s judgment. It IS said that in C RLES E EL R , } C. 
ay IS tests if this character the wire 


, ] 
t t scrape t t 
l 








sexi 90 CHESTNUT ST,, NEWARK, N, J, 
\ * 4)rasion drum, It IS Claimed | 
} Com t la fase It was difficult to | 
? Mstant abradineg Surface ind 
rh the former gaye inconsistent sults 
: th tl hew tough films due to alternat 



















£ IS used. Held firn e 
. ob 
and great welahte, #7 Cochrane Meter for every ; 
t ink fort} by in centr oe ae 
connected with a count to uring the flow of high pres 
urnhics scrap An electri Whether it is measuring papacy ising 
nishes t power. Only a few inch sure steam, low pressure gas, 
required, and the Wire Can be 
that filn 


> S om 
sco oO I, 1 uch C 
ines n well visc is ) or ta f is s Is ¢ 


monida or recording pressures and tempera 


ivy be ex 
‘round — the 
ce ned primarily fi 


ong and 


Wire, 
rr new insula 





job 
tures—there is a Cochrane Meter to do the : 
y ] ore accurate 
: ms & ns . a meter that will give m " = 
9 study any” "kind of ena ] operation 
ipie Of OF 
be used to Study any kind of enamel] results because of its princip 
1» ised on wire, General Electric Co.. tine: 
fad B NV. } 


and construction ...a meter that is — 
teed to give an accurate report—in paren 
recorded or integrated—of the work inal tngen 
you are using it. Bulletins are available on 





Electrolytic Capacitors 





all Cochrane Flow Meters. 
Mally mad order for ilitary, 
ft and othe users of continuous-ser- 
“GUipment, maker's Plug-in electr: lvt 
NOW generally ay tilable, Basy ‘ 


Electric Flow Meter 





Weir Meter 





Ring Balence 
Meter 





’ Slandard ¢ 


Pressure & Temp, 
Vabk 


Pre a Recorder 
vats are waniy COCHRANE CORP., 3120 N. 17th St. 


Ctal sox ket, 
aS are regul 
tVailable jn the 


PY 


tr radio tubes Th 


Philadelphia, Pa. 








veo V. Surge 450 y. 
» W, rating, and in 10 to 80 mfd. singek 
tion, 10-10 and 20-20 double-section, 1()- 
10) triple-section, and the 10 \4 10 
<0 x 25 combination. Lerovoa 
New Be dford, Vass. 
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Surface-finish Tester 


New Research Model” i vided to lit ot 
Instruments, Sept 193 

, | 1939, p l Ma 1940 
‘ it tar rf ! 





Wink eenome/ 4 nish} IO lized Alwnioum 
(worn smooth. tner (Hard oxidized surface 
through thinne ) worn off: sot? interior) 
fir } t rubbing ibi ion, such is 
paint lacquer electroplated and plastic 
irface ind textile fabric ranging from 
! fabric to ipholstery Tester com- 
pl otor-driven turntable on which 
pecimen 1 mounted, a counter to indicate 
number of ibrasion cycles ind two 
liz wheels that alternately rub back 
I fort ind, at tl ime time, criss-cross 
I tl r rolling path Thest wheels are 
n fis type Standardized load ad 
tr I permit irvin pressure against 
’ ! iit th typ f material be 
! ted Supt] menting wear resistance 
t is tl Shear-Hardne test performed 
I tt ! nt K-3720 which measure the 
t nt quality f i plastic surface or 
t bhilit to resist di rape ind simi 
| il damage not lassed normal 
The Tabe Ins nt Co., North 
r, N ) 
. ° 
Electron Microscope 
No Description of first semi-con 
l lel did not appear in “New In- 
nt Dept Ww briefly given in ar 
I Dr. Zworykin in our June 1940 
151 which, by tl Way, was the 
I i iZine 
) fa ‘ ind simplified 
RCA Electron Microscope have 
! t inced. F ! had re lu 
Ar troms but was ig? i pri 
use b\ l xpert ind 
t New bett lay f 
r l ! } i labora 
b perated | r petent 
I worl Ir tion it 1 l 
n fir tail t ? by t ) 
It is less than one-half the 
i the earligr model, is read for | 
ration when plugged int no iry light 
ket, whereas firs lel requ re - 
ful of power ipply equiy ! for its op 
eration. An adaptation of ar transmit- 
ter circuit provides the high voltages re 
quired, In the new instr nt the ire a 
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NTS 





ber of windows through which several 
pe I in study specimens at the same 
time i. % not affected by magnetic fields 
et up by other electrical equipment, as was 
the earlier model, nor disturbed by ordi 
nar room Vibrations \ submarine lock 
ngement permits changing specimens Il 
the evacuated chamber without admitting 
! Specimens may be changed within 
minute. This is said to make it possible t 
the electron microscope to check pro 
duction processes periodically in addition 
t pure research. Electron beam is directs 
througt the specimen, through irliou 
t f magnetic field coils, and then i 
r le t trike photographi plat to 
! n electron micrograph, or to strike 
fl nt creer that image become 


Vfe. Co., Camder \ J 


Oxygen Concentration 
Recorder 


(ontinuou indications ind 1utographic 
recor f percent of oxygen In any gas 
(not in liquids) ire provided by new 
Oxygen Recorder. Operating principle in 

— 








: 
=~—-WASTE 

volve passing continuous sample through 
i furnace for removal of its oxygen. Con 
centration-measuring principle is based on 
difference between thermal conductivities of 
plain ind de-oxygenized streams. Gas is 
drawn into analyzer by a bubbler-aspirator 
B, condensate falling into drip pot A. As 
pirator draws about one liter per minute 
Gas is thus scrubbed and metered, At el 
bow, incoming gas divides into two streams, 
one of which flows directly to aspirator and 


icts as a line purge. Remaining gas flows 
throug! 1 secondary filter and orifice C 
thence to an inner bubbling tube in aspira- 
tor, thence to one side of analyzer D 
through tube FH in furnace, back through 
other side of analyzer and then to bubble 
ispirator where it goes to waste along with 


! n stream. Center tube FF of furnace 
ontair i carbon rod heated so that 
oxygen in gas is converted to CO (Supply 


of carbon in furnace is usually sufficient for 


more than a week's operation carbon is 

to tically fed into furnace.) Original 

is containing oxygen thus passe first 
through reference-cell of analyzer D and 
later (minus its oxygen) through measur- 
ing cell Meter unit’ is arranged to meas- 
ure difference in thermal conductivity be- 
tween the bases on the two sides, which is 
proportional to oxygen concentration of 
original gas. Result is not affected by any 
changes in the original COs or Ne concen- 
tration. Standard range is 0 to ona 
10” scale, but instrument can be scaled in 








ranges ol 
to 100 
ng cells 
ment will 
on or cl 
operates 


ened an 


industrial 
Cambri 


Tern 


0 to 2 oxygen full-scale 
oxygen full-scale. Various 
may be combined so that r 
provide 1 complete gas ar 
iart,”’ it is announced. Equi 
fr electric supply line, 
1 constructed for severe ser 
plant is well as in labor 
dae Instrument Co., Grand 


tinal, New York 


Sheet-steel Thickness Gag 


\ new 
tiie mea 


when mii 
urate to 
ible indi 
electric 01 
taining il 

placed 


ignetic gage which “for tl 
ure the thickness of sheet 

one ick iccessibl 
0.001”. It consists of a 7-lb 
iting unit (operating fror 
itlet) and a eylindrical hea 
1 Alnico magnet When gag 

iinst material to be me 











per inent ignetic field of head 
rate terial Phickr of mate) 
termine flux passing through gage 
magnetic circuit, hence increased reluct 
of magnetic circuit and consequent d 
tion f instrument whose cale, howe 
‘ li t readin in mil Thickne 
t n netic heet or plate material 
be measured by thi rage long a 
o * 
< i 


Measuring head | 











terial is not backed by other magneti« 
terial. Gage is especially valuable for che 
ing center and other points on wide sl 
where use of calipers is inconvenient or 
possible. It permits quick determination 
uniformity of material, measurements f! 
one ide only, reduction in cost of mate 
from  over-thickness and more unif 
heet with resulting reduction in fabri 
tion costs. Initial instrument made in 
laboratory has two scales: 20 to 45 
for low carbon steels, 10 to 25 mils for 
trical sheet steels of medium silicon cont 
Gages can be made to measure thickne 
up to 250 mils (14”) with the same rel 


ecuraecy 
sacrificed 
, 


larger 2 


saturation 


nectady, N. 


portabilit 
would req 
the n 

Co., 


ind even thicker if 
thicknesses 
to supply 


al Electri¢ 


4 heads agi 


Gene 


oi 
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imination of the Viscosity Error in 
Flow Measurement with Rotameters 


By KERMIT FISCHER, SEYMOUR BLECHMAN and EUGENE LIPSTEIN 


Fischer & Porter Company, Philadelphia, Pa. 


SHORTCOMING of the rotameter has been the great 


fluenced by the fluid viscosity. The Reynolds number 


variation of the calibration with variation in vis- Re pvD/u, is the commonly-accepted parameter to repre 
J cosity of the fluid handled. While this calibration sent flow similarity.2 C as the ordinate is plotted against 
tivity tended to decrease as the size of the rotameters Re/C as the abscissa instead of against Re only in order 


ased, nevertheless it was still great enough in 3” and 
‘tameters to cause considerable inconvenience. In small 


NOTATION 


that flow rate will not appear in both ordinates and abscis 
sa. It will be seen that the points are badly scattered and 


260 + 
Volumetric flow rate C Flow coefficient 4.4 a & | |? 4 
Cross-sectional area of flow annulus at any aay, ER Lf ma 
specified height (tube area-—area of float at — 203) qeet“t 4 a 
largest diameter) 180 z. gt | noe ma 
Acceleration of gravity oo P| | LJ | gt ”t fe 
| Volume of float wo iS | LA 4+ bbc 
Cross-sectional area of float at largest diam no} 5 3 tad , of -t h a 
eter OSes + : af : | 
Density of float p Density of fluid obo} +149} 1 | it 
teynolds number “5+ tor 
Velocity through flow annulus | — em 
)— Equivalent diameter of flow annulus (inside ™ Lokal mis beans! rt 
diameter of tube at any specified height OST eb 03 04 03 08 OF 08 O8 10 11 2 1) iS if 17 19 £0 2) Be 29 84 5 BO 27 Be te 
diameter ot float at largest Porson) Fig. 1. Calibration curves for Size 5 Rotameter with ‘‘old_ style float tested witt 
Absolute viscosity oil and water 


that the best line that can be drawn through them is neither 

calibrations was so great that flow rate prediction, even straight nor horizontal. Obviously, if the curvature could be 
by the Schoenborn-Colburn equation', became almost impos- eliminated and the line be given a uniform slope, predictio1 
sible, and was a rough approximation at best. of rotameter calibration would be considerably simplified 


rotameters (%4” diameter) the effect of viscosity changes 





In Fig. 1 are plotted the results of calibration tests of a 
,” rotameter as built before the investigations herein re- 
ported were made. The tests were run with water, oil at 
120°F., and oil at 90°F., with viscosities, respectively of 1, 
19.9 and 44 centistokes. The ordinates show the height of 
the float in the metering tube, the abscissa the flow rate in 
g.p.m. The distances between the three curves are chiefly a 
measure of the effect of viscosity change. So great are these 
listances that accurate interpolation between them seems 
ut of the question. 

Plotting the figures another way, as flow coefficient C 
versus Reynolds number Fe, divided by C, yields the results 
shown in Fig. 2. In the Schoenburn-Colburn equation 


/ 2gVs(ps — Pw) 


Q CA \/ a 


flow coefficient C is, as in the orifice meter, mainly in- 


” 


Substance of a paper presented before the Am. Inst. of Chem. 
ners., Dec. 1940, New Orleans meeting. 
‘The Flow Mechanism and Performance of the Rotametet 
ik. M. Schoenborn, Jr. and A. P. Colburn, Transactions Am, In- 
of Chemical Engineers, Vol. 35, No. 3, June 25, 1939, pages 
89. In this naper, Schoenborn and Colburn developed for the 
time an adequate equation to interpret the action of the ro 
ter. They showed how this equation could be utilized to pre- 
capacities and approximate calibrations for rotameters han- 
: fluids with which they had not been calibrated from available 
bration data for the same rotameters with other fluids. They 
clear the similarity, from a theoretical standpoint, between 
rotameter and the well-known orifice meter. Their work not 
made available a new method for solving rotameter problems 
also brought out the viscosity effect more clearly than ever 


W. Keith. How the Reynolds Number Originated and How 
npute its Value. Jnstruments, Vol. 8, Aug. 1935, pages 198- 
205. (Lists twenty-two references.) 

Ed S. Smith, Jr. Alternative Forms of the Reynolds Num- 


Instruments, Vol. 8, Aug. 1935, page 201. 
J. L. Hodgson. The Reynolds Number. Instruments, Vol 


1935, page 322. (Clarifies origin and application.) 
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Fig. 2 Rotameter coefficients vs. Reynolds Numbers for 


old style floats. 








NTIL around 1938, only one American technical 

magazine (this one) recognized the existence of 
a “float type” in the “area class” of flowmeters and 
gave this type an amount of space befitting its in- 
dustrial importance. Our article in the December 
1932 Instruments remained for years the only 
adequate treatment of this type in English. Non- 
recognition by others may have been due, of course, 
to the searcity of readily-usable data obtainable only 
by imaginatively-varied research. No society was 
both willing and able to finance such research. The 
Fischer & Porter Co. has conducted such research. 
One result: discovery of a new method of minimiz- 
ing errors. Because this article reports the research 
and describes the method, we have accepted it for 
publication in spite of the fact that it incidentally 
describes a new commercial product—a description 
which otherwise would be printed briefly in the “New 
Instruments” Department.—M. F. BEHAR, Editor. 
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If, furthermore, the line could be made horizontal, repre- since its weight was only a small fraction of the wei; 
senting a constant-value coefficient C, then a single capacity a standard float and the throughput capacity of th: 
determination for a rotameter with any fluid and with the meter was therefore reduced to a small fraction of t] 
float held at any position in the metering tube would deter- a standard rotameter. Efforts to gain weight by eith 
mine the value of C for that particular rotameter and creasing the thickness of the disk or the diameter « 
would permit calculation of capacity for any other fluid vertical cylinders were fruitless, for these expe 
and any float position by the Schoenborn-Colburn equation. caused a sharp increase in the effect of viscosity. It 

became apparent that a radical departure from c¢ 

















































































































SXPERIMENTAL WORK . : 
EXPERI PAI . tional rotameter design was necessary to obtain bot! 
As previous attempts to improve the operation of rota- stability against viscosity change and a reasonably 
meters by using spheres, spheroids, and streamlined shapes throughput. 
had proved futile, the investigation was begun by a study Therefore a float was made up (for a %” rotameté 
\f the flow around immersed bodies and the viscous drag on first) in which the disk forming the flow restriction a1 
such bodies. A plot of drag coefficients as functions of Rey- “body” required to give the necessary weight were 
nolds numbers for spheres and disks (Fig. 3) gave inter- rated and attached to opposite ends of a tube of 
GUIDE WIRE 
10° —T7 +7 
f oo " 
+ +++ > ++ 4+ + + ++ + + 
++ +4 + +$—+-++ + $—+44 + +—+-+4 
4 
St SSeS aes ee 
oe 2 Se Ses EO He = 
+—++44 + +—++4—_+ 4+—++4 + 4+$—+—+-+ domed 
——+—+ 44 + $+-$-+4+— + t+$—+++ + +$—+-44 + + 
+ +++ + ++ th + tot ee + to + te + + 
e | 1] 
2 10 tt t—t+—+_F 2S oe ae ee | 4 4 
be + + ++ + + ++ + + + +4 + +++ + 
Fay N - +—+-++ + + $ ++ T +o + $+ + + +4 + 
= 7 _ ++ + + ; ae! + +$—+-+4 + 
T + + 44+ + + $+ + + + 
2 b—+—+ +++ + +44 + ee See Oe ee ee ee ee ee | 
o | | | 
_— + 32st Dela 
= T + + $44 + ofa tatty + +$—+-4++ + 4+$—+-+ 
oO T + TTT + ‘0 | a +—+-++ + +—+-++ + ++ 
| } ; | 
bt ++—+ | + TJ 2: 
| | uaw! [TT ‘Ss 
= 4 ; a i F i) ; 
= Ht = ee +H ma +t 
tt tt ttt tt +H swe | Cant ++ 
t—+—+ + +4 ++ +444 44+ + 4 44) 4 9 hf 
| | 1] | iW 
p— 4 +41 4 rt +H til + rok 
- | | || Ut tL itt ia | i? TAPERED 
ge em Oe | pA | EE ES ee | a | ee et | ct Ee SD Hh te De | ee 
10” 10" io” 10 oO 10° 10" 10° io* Fig. 4 Shape and ar- oe 
Re rangement of first experi- use 
Fig. 3. Drag coefficient vs. Reynolds Number for disks and spheres. mental float. 


esting clues. It will be seen that with Re less than unity, diameter. (See Fig. 5.) The “body” of the float is « 
the plotted points for both spheres and disks fall on a_ pletely removed from the flow stream of the fluid and 


straight line coincident with the line obtained by caleula- located in a pocket of stagnant fluid having no velocity a1 
tion using the Stokes equation for freely-falling spheres. therefore, no viscous drag. There is, of course, some vise: 
However, at Reynolds numbers greater than 1, the plots for drag along the connecting tube, but since the tube is 
both disks and spheres show gradually decreasing slopes. relatively small diameter it presents little drag surfacé 


When Re is approximately 1,000 the curve for spheres the fluid. As the small diameter of the connecting tube a 
tends to flatten out at a drag coefficient value of 0.4; but results in lowered fluid velocity, the viscous drag (wl 
when 10,000 is reached, the slope of the curve is found to naturally varies with velocity) is further decreased. 

be reversed so that drag coefficient is increasing with Rey- 


; : : The improvement obtained with this float (since des 
nolds number. At 20,000 the curve again reverses its direc 


‘ dl nated “Stabl-Vis” Float) was startling. Fig. 6 shows 
— and abruptly drops to a value of approximately 0.4%. results obtained, compared with the data from Fig 
Thence it agein rises migntly, to eo veneer wae of 0.2. While the oil tests on the old-style floats were run 

The reason for the abrupt drop lies in a change in the con- temperatures of 120°F. and 90°F., the viscosity effect 
formation of eddies in the wake behind the sphere and can so reduced with the “Stabl-Vis” float that, to obtain a 


be easily understood from an inspection of photographs of sonable degree of separation between curves, temperat 
these eddies. of 120°F. and 77°F. were used. Sinee the temperature 

Since the flow coefficient could be expected to vary in- duction from 90°F. and 77°F. increased the viscosity f 
versely as the drag coefficient, it seemed clear that spheres 44 centistokes (205 S.S.U.) to 65.5 centistokes (305 S.S.1 
or spheroid shapes offered little hope of improvement for it is apparent that Fig. 6 does not even adequately re} 


the rotameter. On the other hand, the curve for disks does sent the improvement obtained. Flow coefficient is plot 
not contain any sharp break similar to the break at versus Reynolds number for the same float in the cu 


Re 20,000 for the spheres and, furthermore, the hori- marked “Size 5” of Fig. 7; the dotted-line curve, from | 
zontal tendency of the curve becomes quite noticeable at a 2, is included for comparative purposes. While this pa 
Reynolds number as low as 80. Above 2,000 the curve be- ular “Stabl-Vis’” float gives neither an entirely horizo1 
comes a straight, horizontal line. It seemed that if a rota- nor an entirely straight line, the improvement repres« 
meter float could be made in the shape of a disk, a sub- one practical solution of the problem and points the wa} 
stantial improvement might be expected. the correct solution. 

Accordingly, a float having the shape shown in Fig. 4 In view of the fact that larger rotameters of the old t 
was made. Being inherently unstable, the disk had to be were known to be less affected by viscosity variations t! 
guided, so cylindrical portions of small diameter were pro- smaller rotameters, and also gave smoother curves of 
vided above ang below it to give good separation of the efficient versus Reynolds number, it was decided to ¢ 
guide points and to prevent binding. This float was a grati- tinue the experiments with a 2” rotameter (Size No. 


fying success in that it immediately reduced the viscosity The shape of the %” “Stabl-Vis” float had departed so! 
effect to less than 25% of that shown in Fig. 1. However, what from the ideal because of mechanical limitations 
the float was almost useless from a practical standpoint it was felt that a float of larger size might give better 
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jue to elimination of this objection. Tests run under ference in densities eliminated observational error as a 
.me experimental conditions as the 4” rotameter tests serious factor. The water was heated to 112°F. so that its 
d that the effect of viscosity was reduced to approxi- viscosity would be the same as the viscosity of the gasoline 
y 50% of the effect on the %” rotameter. A plot of at room temperature, thus eliminating viscosity effects from 
coefficient versus Reynolds number (curve marked the picture. After the capacities of the rotameter under the 
9” in Fig. 7) showed closer approach to a straight four different test conditions had been ascertained by ac 


yntal line with smaller variation in coefficient value. tual calibration they were also obtained by caiculation, 
now appeared that the development had progressed to using each of the four sets of calibration figures in turn to 
int where values of C were becoming definitely pre- calculate the capacities under the other test conditions. 
ible, permitting use of the Schoenbuorn-Colburn equa- The calculated and observed results were in sufficiently 


for the solution of all rotameter problems, provided close agreement to leave no doubt that the factor 
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that the factor V[(p:— pw)/pw] representing the effects of VL (Pp: — Pw) /Pw] could be used for “Stabl-Vis” floats with- 


float and fluid density in the equation, were found to reflect out any supplementary factors or exponents. Table I com- 
sccurately the conditions found in practice. It happened pares the actual flow readings obtained with the stainless- 
at the Naval Aircraft Factory was questioning the cor- steel float in water and the calculated results for this float 
ectness of the density factor, so tests were made on a size’ in water determined from the tests of the aluminum float in 
No. 8, 1%” rotameter which was ready for delivery to the gasoline. Although the calculated correction factor was 
Navy. Two “Stabl-Vis” floats of identical dimensions, one . 240%, the worst variation between calculated and observed 
f stainless steel (specific gravity 7.92) and one of alumi-_ results was less than 6% while four of the six readings 
m (specific gravity 2.7) were made for this rotameter. showed errors of less than 2%. When it is considered that 
‘ith this large difference in density observational errors these tests were run hurriedly on a Saturday morning with 
ild hardly complicate the results. Calibrations were then vapor bubble formation on the floats (due to a faulty setup) 
in with both floats, each being tested with gasoline of spe- and with no opportunity to check results because of ship- 
ic gravity 0.72 and water at 112°F. Again the large dif- ping requirements, the relatively good agreement obtained 
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seems to leave no doubt that the tactor may be safely used 
as is, provided that the floats have the ‘Stabl-Vis” shape. 
An opportunity now presented itself to run further ex- 
perimental tests under still more interesting conditions. 
Rotameters for measuring the flow of ethylene glycol in the 
cooling systems of liquid-cooled aviation engines were being 
supplied to the manufacturers. As the viscosity of ethylene 
glycol varies considerably with temperature, and both tem- 
perature and percent concentration vary considerably in 
operation, an extensive series of calibrations had previously 
been required. Such calibrations were quite difficult to run 
since the vapors produced from flows of as high as 200 
g.p.m. ethylene glycol at 230°F. prevented any one group of 
men from working in the calibrating room for more than 
short periods of time. Therefore, when a new order was re- 
ceived calling for a capacity 100 g.p.m. it was 
decided to build the rotameter with a “Stabl-Vis” float and 
to run calibrations with water and with cold ethylene gly- 
col and compare the results before attempting any hot tests 
or tests with mixtures of ethylene glycol and water. For 
purposes of comparison Fig. 8 shows the results of the new 
rotameter calibration and of the last previous calibration 
with ethylene glycol of specific gravity 1.1075. As the water 
calibration has corrected to a specific gravity of 
1.1075, the difference between the two curves represents 
only the effect of the viscosity change from 1 centistoke for 
15.7 centistokes for ethylene glycol at the test 


increase to 


been 


water to 
temperature of 77°F. When the new 400-g.p.m. “Stabl-Vis” 
rotameter was tested in the same manner, the plotted points 
for water and ethylene glycol fell on the same curve. 

Some of the results obtained in the main series of these 
investigations seemed to indicate the desirability of devot- 
ing some study to the effect of inlet piping arrangement on 
the calibration of rotameters. It has been customary to as- 
sert that the rotameter is not affected by the valves, bends, 
and similar turbulence-creating fittings in the piping adja- 
cent to it. This has been true in that “errors” of 1% to 
2% were hardly noticeable and of little importance in the 
ordinary process-industry applications—those not involving 
volumetric quantities. However, calibration 
changes of 1% to 2% are frequently obtained with floats 
having the hitherto standard shapes. It found 
possible to develop float shapes which magnified this effect 

much as 
previously 


metering of 


was now 


showed calibration deviations of as 


90 elbows 


and which 
10 if two 
straight supply line to a rotameter. Other floats were de- 
signed and tested which showed no change in calibration 
regardless of what was done to the inlet piping. The “Stabl- 
Vis” floats fall into this latter “immune” class. The test 
system used was capable of detecting flow rate errors as 


were inserted in a 


small as 0.25‘ 


UTILIZATION OF RESULTS 

It appears then, that this new method—the separation of 
disk and weight—permits viscosity to be eliminated as a 
factor to be considered in the calibration of rotameters for 
normal viscosity variations encountered in the process in- 
dustries. The implications of this improvement are more 
than may, at first, meet the eye. Among the more obvious 
the most immediate is, of course, that rotameter 
users may now switch individual rotameters from one serv- 
ice to another and still be able to rely on the accuracy of 


. 


benefits 


the flow readings they obtain. Secondly, it becomes unnec- 
essary for rotameter users to ship bulky (and frequently 
expensive) samples of their viscous fluids to the rotameter 
manufacturer’s plant and they will not be put to the ex- 
pense and delay of special calibration of individual rota- 
meters with these samples. Thirdly, the problem of making 
the floats resistant to corrosion is simplified. For example: 
it is less expensive to take a tantalum disk and tube and a 
lead-loaded tantaium cylinder and weld them together to 
make a “Stabl-Yis” float than to spin a tantalum sheet to 
the typical dimensions of an old-style float. It furthermore 
is possible to use composite construction, making only the 
disk, which must bear the brunt of the corrosive attack, of 
some highly corrosion-resistant but perhaps expensive ma- 
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terial while using a less costly material for the ext 
tube and the weighing cylinder. Fourthly, materials 
could not previously be adequately metered by reas 
viscosity peculiarities can now be handled accuratel) 
eexample, sulphuric acid, because of its sharp variat 
viscosity with both temperature and concentration, ha ( 
difficult to accurately; it no longer 
problem. 

A fascinating new possibility for the new rotamet 
and a conti 


meter prese 


in its use as a continuous viscometer 
pycnometer. Obviously it is necessary that the flov 
through a rotameter designed to measure viscosit 
density be held constant since otherwise the float px 
would not be affected by viscosity or density alone but 
combination of viscosity and flow rate or density and 
rate. Furthermore, the rotameter designed to measur 
density changes must not be affected by viscosity ch: 
nor may the measure 
changes be affected by density changes. In the past 
proven almost impossible to hold the flow rate consta 

to prevent combined effects of viscosity and de 
changes. With the new float these problems can be ¢ 
nated. If the viscosity of a fluid flowing in a pipe lin« t 
be determined, a small stream can be by-passed throu 
“Stabl-Vis” rotameter. By means of a manual control 

the float can be held at a constant position, insuring 
stant flow rate despite viscosity changes. In series with th 
“Stabl-Vis” rotameter there ecan be a rotameti 
whics acts as the viscometer. It would be equipped wit! 
cylindrical plug fleat, the position of which would vai 
greatly with viscosity. This second rotameter can be 
brated in terms of viscosity since the flow rate throu; 
is held constant by means of the first rotameter. If 
specific gravity of the fluid may vary and it is desire 
measure it continuously, a third rotameter can be plac 
in series with the first two. The float in the first rotamet 
in addition to being of “Stabl-Vis” design, would ther 
made of, or loaded with, a dense material (mercury 01 
talum) so that the effect on it of changes in fluid spe 
gravity would be small. The second rotameter’s cylind: 


rotameter designed to Visi 


second 


plug float would also be a high-density float, so that 
viiscosity readings would not be distorted by specific ¢g 
ity changes. The float in the third rotameter, whil 
“Stabl-Vis” shape to eliminate viscosity effect, would be 
made of a light material so that its position would be cor 
siderably affected by changes in the specific gravity of th 
fluid. Thus, on a single small panel, flow rate, viscosit 
and density could be read continuously, using simple, ines 
pensive equipment. The by-passed fluid stream, after pa 
ing through the rotameters, would be discharged back int 
the main stream. It is hoped that here, perhaps, a tota 
new field of usefulness for rotameter may be found. 


CONCLUSION 

It is intended that the work described in this article s] 
represent only a first step in the further development 
the rotameter type of flow meter. When the hundreds u} 
hundreds of published research papers on orifice and ot 
flow meters of the “head” type are considered in compa 
son to the dozen-odd available publications on rotamet 
and similar flow meters of the “area” type, it seems an 
escapable conclusion that further basic improvements 
the rotameter will result from a continued research } 
gram now under way. 
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A Combination Visual and Autometric 
Method of Optical Pyrometry 


By ERLE I. SHOBERT II 


Research Engineer, Stackpole Carbon Co., St. Marys, Pa. 


I. INTRODUCTION. 
IGH-TEMPERATURE measurement 
have been handicapped by the scarcity of methods 
for use in the temperature range of 1200°C. to 
C., which would have the same adaptability, accuracy 
usefulness in their industrial embodiments as _ the 
thermocouple pyrometer. There are methods of meas- 
temperatures in this range, but those which may be 
ted for indicating and controlling these temperatures 
ot always have the desired accuracy. A method has been 
-ed out of combining two of the usual methods of meas- 
ring these high temperatures in a manner that is highly 
accurate (as will be shown) and also readily adaptable and 
nvenient for controlling and recording. The two known 
nstruments utilized are the disappearing-filament type of 
ptical pyrometer and the photoelectric cell. These elements 


and control 


egre< 


c 


























































































































Prosoees = an eas 
yy Ut ny: i 
y/ ) H AR 
\ JF] Bn Af ti 
j De 
Un - Wal Vl 
Gh eats = 
P 
i 
ee r 
s Q 
( e 
R, 
V Rez B 
WWW +H 
Tt 
Fig. 1. Schematic Diagram of the Photoelectric Optical Pyrometer with 


Built-in Disappearing-filament Pyrometer for Checking. 


are combined in such a manner that use is made of the 
most desirable attributes of each. The optical pyrometer is 
the most accurate method for measuring temperatures in 
the range of 1200°C. to 3000°C., and this accuracy is used 
and maintained in the instrument. The photoelectric cell 
measures the intensity of the light emitted by the hot source 
and can transmit a continuous record of this intensity for 
controlling or recording. A circuit is described which has 
been found to give satisfactory operation in service where 


1 


close control of temperatures in the high range is necessary. 


II. DESCRIPTION. 
schematic diagram* of the instrument in one form is 
$ n in Fig. 1., in which O is the objective lens focussing 
the light from the body whose temperature is being meas- 
u on filament F’ of calibrated lamp L. T is a 10-power 
scope which is also focused on the lamp filament F’; 
D,; and Ds are diaphragms adjusted to give the proper 
tures for the best disappearance of the filament! and 
test accuracy of the optical pyrometer. A is the neu- 
ibsorbing screen? which may be swung in or out of 
tent No. 2,230,438, issued Feb. 4, 1941. 


ité de Pyrométrie Optique. G. Ribaud. Paris, 1931, Page 293. 
ning Glass No. 390 Pyrometer Brown. 


position to inerease the range of the optical pyromete: 
since the lamp L should not be operated above a brightness 
temperature of 1500°C. The screen N® is used to filter 
out all but the red light. While it permits a certain band 
of wave-lengths to pass, the effective wave-length (screet 
and human eye) is 9.664. M is a mirror which may be 
swung into the position shown by the dotted lines to deflect 
the light from the source to photocell P. The leads from the 
photocell and the lamp are connected to double-pole double 
throw switch S which is mounted inside the case of the in 
strument and which is operated by the motion of mirror M 
to switch in either the lamp or photocell, depending upon 
the position of the mirror. A is an ammeter with two scales, 
1 and 2. On the instrument now in operation, scale 1 is 0-30 
microamperes and it is used to measure the photocell cur 
rent. Seale 2 is 0-750 milliamperes for measuring the cur 
rent in the optical pyrometer lamp L. B is the battery which 
furnishes the current for lamp L; and R» is a rheostat 
placed in the circuit to regulate this current. Rheostat R; 
is used to adjust or standardize the photocell current. 
Switch Q is used to open the circuit when the instrument 
is not in use. 

The instrument is mounted conveniently on a base which 
permits the axis of the instrument to be rotated in any 
direction, to be tilted from the horizontal position by about 
20° and to be raised or lowered. The milliammeter is 
mounted in a box with the batteries, the rheostats and thx 
switch for opening the circuit. 

The optical pyrometer is calibrated with a standard lamp 
at six temperatures in the range of its operation. The val 
ues of the temperature for all values of the current are 
then calculated by means of well-known methods to give the 
calibration table for the instrument. Using a Weston Model 
622 milliammeter, it is possible to read brightness tempera 
tures on this instrument to within ©10°C. in the rang 
from 850°C to 1550°C. The accuracy of the higher ranges 
is not as great since the temperature range is expanded by 
the neutral screen for the same filament current range 


III. OPERATION. 

The instrument was designed originally for use as an in 
dicator with which the operator could manually control the 
temperatures in certain processes. Although its use is not 
limited to these conditions, a description of this type of 
operation will be sufficient to point out the main character 
istics of the instrument. 

The pyrometer must be set up so that the aperture at O 
is filled with radiation from the source to be measured and 
controlled. It is not necessary, however, that the hottest 
sections of the source completely fill the field of vision. The 
instrument is adjusted to superimpose the image of th 
source on the filament of the lamp. If a certain temperature 
is desired for the work in progress, it is heated up until it 
reaches this temperature as measured by the optical py 
rometer. The temperature is kept at this point manually 
until all the parts (of the tube furnace or measuring tube) 
which may radiate into the aperture O come to equilibrium. 
The mirror is then swung into the position where it inter 
rupts the light from the source and reflects it to the photo 
cell. The circuit is automatically changed over and the mil 
liammeter now reads the photocell current. For purposes of 
control only, all that need be done is to hold the photocell 
current constant. Rheostat R; may be used to adjust this 
current to some reasonable value. 

Giving time for initial change in the output current of 


Corning Glass No. 241 H. R. Pyrometer Shade Re 
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the photocell and correcting for this change, it has been 
found possible to check the temperature at the end of a 
four-hour run to within the limits of accuracy of the opti- 
cal pyrometer itself. Thus, the Weston Photronic cell, which 
was used for this work, appears to have the stability and 
light intensity required for this 


sensitivity to changes In 


type of service. 


IV. PHOTOCELL CHARACTERISTICS. 
resistance is used in series with the photocell to 
adjust the value of the current, the output-temperature 
characteristic of the photocell has been measured as a func- 
tion of the with the cell. By output 
temperature characteristic is meant the current in the pho 
tocell measured as a function of the temperature of the 
source and of the resistance in series with the cell. Certain 
Larsen and 
not be re 


since a 


resistance in series 


parts of this problem have been discussed by 
Shenk? and the points mentioned by them will 
peated. It is interesting to note, however, that the use of 
resistance in with the cell suggests an interesting 
simplification in the use of the Weston Photronic cell for 
measurement and control of temperatures. 


series 

















PHOT f RRENT MICROAMPERES 


Fig. 2 Current-Temperature-Resistance Curve for Weston Photronic Cell 


The instrument described in Fig. 1 was set up to measure 
the temperature in a carbon-tube resistance furnace (inside 
diameter 142") which could be heated to about 2300°C. It 
was sighted upon a graphite block placed in the center of 
the tube. (Otherwise, the photocell would be measuring the 
light from the “cold” far end.) The carbon tube was packed 
in lampblack to protect it from oxidation and hydrogen was 
passed through it to keep the atmosphere clean. It was 
heated to well above the range of temperatures being con- 
sidered, until all of the volatile materials in the carbon and 
lampblack were driven off. 

The photocell current was measured as a function of the 
temperature of the center of the oven for the different val- 
ues of series resistance as shown in Fig. 2. The resistance 
of the microammeter used to measure the current is in- 
cluded in the values shown in Fig. 2. The values are thus 
the total resistance external to the photocell. 

The interesting points to be noted are: First, that the 
sensitivity is decreased considerably when the external re- 
sistance is increased. For low values of external resist- 
ance, a relatively small increase in temperature gives a 
relatively grekt increase in current. Secondly, it is to be 


Shenk. Temperature Measurement with 
Journal of Applied Physics, Vol. 11, 


Larsen & W. E. 
Photocells. 


955-560 


4B. M 
Blocking-layer 
August 1940, pages 5 

*Patent applied for 
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noted that for an external resistance of approxin ite) 
5300 ohms, the temperature current relation is prac 
linear over a wide range of temperatures*. This fac 

be used in the design of recording and controlling 
ment for temperatures in this range, since it permi 

use of linear scales and charts. 

If the proper external resistance for linearity is is 
it will no longer be possible to adjust the photocell re: 
to certain standard values by means of this resistar 
is possible, however, to standardize the readings by 
an iris diaphragm or some other limiting device in fr 
the photocell. The readings may then be adjusted to th 
standard values without affecting the calibration 
photocell. 

V. SENSITIVITY AND ACCURACY. 

Examination of Fig. 2 will show that by using a microan 
meter with a range of 0-50 ma., the sensitivity will be we 
within 8°C. A high-grade laboratory microammeter wit 
long mirror scale permits reading temperatures to about 
a GS 

But these sensitivity figures do not necessarily im; 
corresponding order of accuracy. In the first place, th 
refer to brightness temperatures, so that accuracy of dete: 
mination of true temperatures will depend (as always i 
radiation and optical pyrometry) upon exact knowledge 
emittance corrections. In the second place, accuracy wi 
depend (as always in measurement practice) upon the nun 
ber of sources of instrumental errors, the probability of 
their being additive, the accuracy of the reference standa1 
used in calibration, the care taken in calibration, the f 
quency of calibration, etc. 

The photocell is calibrated each time a set-up is made, th 
built-in reference standard being the visual optical pyron 
eter (previously calibrated against a standard lamp suc! 
as used at the National Bureau of Standards, which is a 
curate to 2°C. up to 1550°C.). Assuming additive instr 
mental errors, the accuracy of brightness-temperature | 
surement in the range 850-1550°C. immediately afte: 
set-up is made is well within 10°C. Assuming a 5° error du 
to uncertainty of emittance correction, and adding it, t 
overall accuracy becomes 15°C. in that range. For the ra 
1550-2000°C., the sensitivity is lower and the numerica 
value of most errors has to be approximately doubled. It 
believed that the limit of (instrumental) error in the hig! 
range, with the instrument used at this writing, is w 
within 20°C. If a 10° emittance-uncertainty error is add 
the total error at the high range becomes 30°C. This is 
conservative figure. Larger errors could be expected, 
ever, if the user neglected to take advantage of the built 
visual type pyrometer when a new set-up is made—and als 
after installation when the likelihood of photocell “d: 
or “fatigue” is suspected. 

VI. CONCLUSIONS. 

An indicating optical pyrometer is described which 
bines the accuracy of the optical pyrometer with the a 
ability of an indicating pyrometer. It may be r 
adapted to measuring, indicating, recording and controlling 
any temperatures which can be measured with the opt 
pyrometer. An example is described which has had succes: 
ful application in certain industrial processes in the 
perature range from 1100°C to 2300°C. A method 
described of increasing the usefulness of the Weston 
tronic cell by making the output-temperature relation 
tically linear throughout a wide range of temperatures 


is als 
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ir-inclusion Errors in Liquid-filled 
Thermometer Systems 


By H. A. ROLNICK 


Director, Trent Engineering Laboratories, Philadelphia 


indicating type the question often arises as to the 
effect of air left in the system. The longer the capil- 
tubing between the pressure spring and the bulb, the 
it takes to evacuate the system—particularly, if done 

eh the pressure-spring end. 
a general way it can be seen that if there is present 
hion of air in the thermometer system, the thermal 
expansion of the thermometric liquid will be partly taken 
the compression of the air. And since the rate of com- 
sion is different for different pressures, there will result 
stortion of the relation between thermal expansions of 
the thermometric liquid and movement of the pressure 


\ JHEN filling thermometer systems of the remote- 


Below is given an analysis of this effect and formulae 
enabling one to predict the scale shape of a liquid-filled 
thermometer system containing some air. 

The air trapped in a closed system will eventually work 
ts way down into bulb or up into the pressure spring. The 
first analysis below is for the case where the air is located 
at a place in the system where temperature changes are 
small enough to be neglected. 


CASE I—AIR NoT IN BULB 
Applying Boyle’s Law to the trapped air, 
dP“ dV 
POV 
dV -AadT -+- kdP 
dP <AadT-—kdP 


— ————__—_—_——_—_—_ eee ee ee 
r V 
This yields on integration: 
Pa-P 4. fa¥ _ aA (2) 
T2-T kP2P k 


If the expression in brackets were constant, then a linear 
elation would exist between a temperature change at the 
bulb and a pressure change in the system. On this basis 
scales are printed for such thermometers. The presence of 
the variable term P inside the brackets causes a distortion 
f the seale shape. If the relation between pressure and 
temperature is assumed linear, then this distorted scale 
shape gives rise to an error in the thermometer reading. 
The expression for the error caused by included air, as- 
suming the end points on the scale are correct, is as follows: 
Error in percent of full-scale, 
100 V; (Pe -P)(P-P;) (3) 
anita - LE Vv 
K PP» 
NOTATION 
| —= Internal volume of the bulb. 
Relative thermal expansion between bulb and liquid. 
l refer to the pressure in the system, the volume of air 
n the system, and the temperature of the bulb. 
bscript 1 refers to the values of these variables at the lowest 
iture of the scale; subscript 2 refers to the value at the end 
scale. ) 
Ratio of volume change of pressure spring to pressure 
-hange in system. 
‘-~ Total volume change of pressure spring for a full-scale 
ressure change. 
“ are infinitesimal increments of pressure and tempera- 
ure, 


} 


From the above, it can be seen that the error is propor- 
tional to the amount of trapped air, and is inversely pro- 
portional to the volumetric change in the pressure spring. 
The spring element with the minimum volumetric change 
has the largest errors due to included air. 

An example of a typical system will be calculated to indi 
cate the values involved. A mercury-in-steel bulb with an 
internal volume of 10cc. is evacuated to a pressure of 1mm 
of mercury, then 


: 10cc. ... 
V1 ~ (Volume at atmospheric pressure) 
766 
P, (Pressure at lowest temperature of scale) 450 
lbs./in. °. 
Pe (Pressure at highest temperature of scale) 1500 
lbs./in. °. 
K 0.08ece. rABLE I 
I i7 
The error (see ‘ Corres} a- Percent of 
al ; ; i ing Pressu Full Scale 
lable I) is negative, 150 ( 
i.e., the instrument <0 660 
indicates a lower 6 LOS! ; 
temperature than 8 1290 1. 
Lov { 


actually exists. 


For similar thermometer systems with wider temperature 
spans, the error will be smaller (for the same pressure of 
residual air). This is due to the smaller bulb used. Thus for 
a temperature span of 200°F., in the same system (but 
smaller bulb) as in the example above, the errors will be 
approximately one-half those shown in Table I. 


CASE JI—AIR IN BULB 


In case the air is all driven into the bulb, the analysis 
for the error is somewhat different. 

Using the same symbols as above and applying both 
Boyle’s and Charles’ laws to the gas at the bulb, the follow- 
ing equation is obtained: 


RT \ 
(kP+- - ) aP=(AaP+R)aT . . . (A) 


where R Gas Constant 


Integrating the above gives finally: 


From Equation 5 it can be seen how the pressure changes 


in the system are affected by the changes in volume of the 





NE of the “impossibles” of science is the attain- 

ment of a perfect vacuum. Therefore, some air 
remains in the “tube-system” (bulb, capillary tubing 
and pressure-spring) of a liquid-filled type remote- 
indicating thermometer, after the system has been 
evacuated and filled. This is true even in the factory 
of an experienced manufacturer. In such a factory, 
of course, there are not only facilities which permit 
nearly-complete evacuation but methods understood 
and enforced by foremen, so that the air-inclusion 
error is generally negligible. Mercury and organ’‘c- 
liquid pressure-spring thermometer are being refilled 
in an ever-growing number of plant instrument de- 
partments. Facts and figures on errors due to in- 
cluded air seem to be in order. Dr. Rolnick was for- 
merly associated with the Brown Instrument Co.; his 
data are authoritative —M. F. BEHAR, Editor. 
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air in the system. The actual error, in percent of full sale, 
is given by the following expression: 


100 [B(V2-V1) -(V-V3)] : 
(6) 


where B (T-T1)/(T2 
or re-writing and substituting pressures and temperatures 
for the 


volumes, 


' 100 V; (Te ‘ TP; . 
E - oh Ce 1) ( sr 1) , AM 


TABLE II 
Error in 
as Temp Pe 
F Full Scale 


the values cent of 


in the example above, we get 


Using same 


ft 0 

the following table of errors 20 2.6 
nm 10 99 
(Table II). 60 2 4 
Sv 1.3 

100 0 


Fo 


spans, the 


the wider temperature 


error is much less, falling off nearly as the 


square. That is, for a system with a temperature span of 
200°F. (and a bulb volume half of that in the example 
above) the error (for the same pressure of residual air at 


the start) would be approximately one-fourth of the above. 

Also if the residual air pressure were 10mm, of mercury 
instead of lmm., the departures from straight-line calibra- 
tions would be ten times as great. Hence for practically all 
liquid-filled thermometer systems of the remote-indicating 
type, evacuation of the air from the bulb system is neces- 
sary for reasonable accuracy. , 

Part of the work done when the 
writer was with the Brown Instrument Company; and the 
writer wishes to thank the Brown Instrument Company tor 
permission to publish this portion 


above-described was 


{nstallation, Care, Maintenance and Servicing 
(Concluded from page 51) 
moment it was received. Yes, we sign all slips ‘O.K.’ Yes, 
I know it makes it harder for the factory to spot inferior 
workers.” 
Case 5 

Chief instrument engineer: ‘“‘Process-control instru- 
ments are specified by the theoretical engineers at the ma- 
hogany desks downtown. They re-order the same type and 
model of the same make year after year. It was not the 
best available control system for the process when it was 
first specified; it certainly is ’way out of date now; but 
these brass hats wonder why we can’t get the same results 
as our competitors.” 

Case 6 
instrument engineer: “We have brass- 
too, but of a different kind. They order the 
latest models after studying their characteristics; then 
they don’t even send us the instruction They ex- 
pect us to know as much as the instrument-company engi- 


Another chief 


hat trouble 
sheets. 


neers who designed the controllers.” 


Case 7 

Research director of company: “In one of 
our departments there are ten units, each with an air- 
yperated temperature controller. These were correctly 
specified and installed. The men in that department learned 
so much from the charts that they acquired sufficient skill 
for manual control of one unit when one of the controllers 
got out of order for lack of maintenance. Then, in the 
course of years, another controller went out of order, and 
others, until only two or three were actually functioning. 
The process in that department is such that lack of auto- 
matic control, though costly in the long run, does not no- 
ticeably impair quality when skilled men are on the job, 
although there is a sinful waste of fuel, electric energy and 
certain materials. A few weeks ago, an instrument- 
company who made a call in another building 
dropped in to ask whether these controllers, installed years 


a processing 


raw 
engineer 
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ago, were all functioning perfectly. 
said they were. 


The department he; 
He and his men were too busy to th 


controllers themselves, and he did not want to sucden) 
tack on a repaid-cost item which would get him in dute} 
with the treasurer. I told him that if he ordered in- 
strument company’s service men to clean and repair q| 


the controllers I would back him up and would guarante 
that the result would be a sharp drop in fuel anc 
running expenses, for which he would be credited. Th, 
controllers were serviced and the running expenses yk 
big drop.” 

Case 8 
sales engineer: ‘The 


Instrument-company use} 


would most benefit from this discussion are the ons 
are not here and who would not come if asked, becays 


they do not take enough interest in their own instru 
With a typical user of that kind, one of our men has | 
make a trip to install every instrument received except t 
portable ones. If it is an air-operated controller, w: 
to make a second trip to turn on the air, and then 
trip several days later, when the processing equipm: 
started up.” 
Case 9 

Another instrument-company engineer: “Believe it 
not, we had to send a man twenty miles out of tow 
all the trouble he found was that a steam valve had n 
been opened because the instructions did not ment 
The user no doubt thought that our controller would on 
this hand valve by some sort of magic.” 


Case 10 


Instrument-company branch manager: “We have : 
plant as a satisfied customer because their attitude is th 
They appreciate the value of instruments but 
the only work they do is to change charts. They pay us a 
fixed periodical service fee for keeping them in good « 
dition. This kind of an arrangement is possible only wher 
the user has confidence in us. If our service man found a 


opposite: 


instrument accidentally damaged, an over-suspicious us 
might claim that no one touched it, that it went bad 
self and that we should make factory repairs without 


creasing our regular service-call charge.” 


Case 11] 

A member: “Users ought to know better than to rate 
instrument companies by the size of their local servic 
ganizations. This size is governed by a number of factors 
I am reminded of a woman who refused to buy a 
grade refrigerator that company has 
service truck in Pittsburgh. She bought another make bh 
cause that other company has sixteen service trucks. S| 
thought that the well-known company was snooty and tl! 
the other company voluntarily gave super-service 
customers.” 


because only 


Case 12 

Instrument-company district manager: “Much dep 
on how long an industry has been using industrial inst 
ments. Old customers with large instrument departments 
save us money by attending to many details them 
When they send for us, it is out of the ordinary. We fr 
quently omit time charges and other items. An accou 
would An accounting system howevé 
should allow for the benefit derived by us, as well as | 
user, from exchanging ideas on new problems. That 
of the ways in which Instrumentation is advanced.” 


* = * 


discover a_ loss. 


At the conclusion of the discussion, it was the cor 
that such cases and many others should be written 
classified and analyzed, and that such data should be 
piled informally in all industrial centers and likewise 
public, so that out of the accumulation of facts, ¢ 
general truths could be distilled. The A. S. M. & | 
hold at least more “bull We suggest 
local groups of instrument men in all sections of the 
try hold similar informal discussions and have their " 
taries jot down for Instruments the constructive idea 
emerge.—M.F.B. 


one session.” 
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“Tce Cream Freezer Instrumentation’ 


SPECIALTY SALES Co. 
206 SOUTH WEST TEMPLI 
SALT LAKE CITY, UTAH 


To the Editor of Instruments: 

On the subject of the article by Technical Staff Abbotts 
Dairies, Ltd., in the November issue of your magazine I 
make bold to submit a brief discussion: 

These writers mention the apparently mysterious fact 
that the ice cream is one-half degree colder in the common 
pipeline header than as it leaves the freezers. While the 
quantities involved are not given, a fairly simple explana- 
tion appears. 

The mixture of ice cream and air (proportions unknown) 
leaves the freezer at a temperature of 22°F. and 70 lbs. 
gage. The pressure in the common outlet line is also un- 
known, but it most probably won’t exceed 30 lbs. gage. Ex- 
pansion ratio is (70 + 14.7)/(20 + 14.7). Using the stand- 
ard formula for adiabatic compression we find that the tem- 
perature drop of the air alone, expanding over this range, 
will be from 482°A. to 401°A, or a net drop of 81°F. This 
would bring the temperature of the air alone down to about 
59°F. below 0. Of course, it absorbs heat from the cream, 
thereby slightly lowering the temperature of the whole 
mass. 


November 29, 1940 Wo. H. SAYLER 


An Early High-frequency Prime-relay 
Control Systém 


AMERICAN GAS FURNACE Co. 
ELIZABETH, N. J. 


To the Editor of Instruments: 

Your distinction between “electrical” and “high-fre- 
quency electrical” control systems in the November /nstru- 
ments is a worth-while contribution to the art; but the 
dates you cite convey an erroneous impression—which 
needs to be corrected. 

It was in 1928 that the idea of causing a measuring de- 
vice (or its equivalent) to effect proportioning con- 
trol by affecting the capacity of a suitable electric circuit 
took form. Its development resulted from an endeavor to 
attain higher accuracy in the control of temperatures indi- 
cated by sensitive instruments of the moving-coil type. 
Through experience gained in aiding my father in his ex- 
periments, it was soon realized that if a control system was 
to maintain a given temperature accurately, it would have 
to be capable of effecting a complete balance between the 
fuel input and the heat losses of the furnace or appliance. 

With systems where the fuel regulation is governed by 
steps, either too much or too little is supplied to balance 
the losses at a given moment, with the result that the tem- 
perature will oscillate between two limits. While propor- 
tioning control could and was easily attained in systems 
employing rugged measuring devices such as are custom- 
arily used for temperatures below 1000°F., its attainment 
in systems employing sensitive moving-coil type instru- 
ments was quite a different matter. These instruments, 
used in conjunction with a thermocouple, must operate on 
less than 50 mv. and are sometimes required to give full- 
scale deflection on 20 mv. or less. The inadvisability of 
burdening such delicate devices with additional mechanisms 
of any sort is apparent. 

It was felt that in order to secure the desired qualities, 
a system possessing all of the following characteristics 
combined would have to be developed. 

1. A means whereby the slightest deflection of the indi- 
cating element (or its equivalent) is detected and made to 
directly cause a relative change in control energy. 

2. A non-mechanical linkage between the indicating ele- 
ment and the control apparatus whereby the former may 
perform its primary function without encumbrance. 

3. A system through which extreme control sensitivity 
may be attained, which may, however, be adapted to spe- 
cific requirements. 
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1, Extreme flexibility as to other control characte 
such as taper, “automatic-reset,” etc. 

5. Ease of application to a variety of conditions 
cesses. 

6. Simplicity. 

The importance of the above six characteristics w 
be explained: 

Unless a control system be directly and minutely 
sive to the slightest change in an indicated conditi 
system cannot be said to be steplessly proportional i: 
acter. In order that a true balance between the d 
and the corrective energy be struck, a corrective influe 
must be effected immediately, upon the slightest chang: 


R 


trend of the condition under control. If any lag is present 


between the indicating element and the control syste: 
erned by this element’s movement, the beforementioned st 
of complete balance cannot obtain. 


ate 


Aside from the lag introduced by any mechanical syste 


of linkage, the inadvisability of burdening a sensiti 
strument movement with a secondary function and sul 
ing it to influences detrimental to the fulfillment of it 
mary function, is obvious. 

Where little or no time Jag is in evidence, the higher 


control sensitivity, the greater the precision of regulati 
will be. Furthermore, unless the system is isochronous ir 
character, the point of balance may be in variance wit 


that desired, and for which the index has been set, w 
the system is applied to conditions subjected to variati 
in load. However, if sufficiently high sensitivity is 


ployed, the control zone becomes so narrow that the ern 


so formed may be neglected. In cases where time lag s 
as thermal lag in pyrometry is encountered, it beco1 


hey 
en 

uc! 
nes 


necessary to adapt the degree of sensitivity to the magni 


tude of lag. If this procedure is not followed, “hunti 
will result due to the delayed corrective action initiated 
the indicating element’s passing through the control z 
Under such circumstances, the proportioning characte 
tic is lost and the control becomes, in effect, a two-posit 
control. 

An important factor influencing the applicability 


control system to a variety of processes and conditions, i 


the ease with which special control characteristics may 


ng’ 


hy 
yne 


ric 


{ 


be 


engineered into it. Aside from degree of sensitivity and 
isochronism, the importance of which has already beer 


touched upon, it is often desirable to distribute the s 


nsl 


tivity of response over the control zone according to a spe 


cific taper. 
The method of linking the control system to the indi 


ing means must be of such nature that it can be readi 


applied to the many different indicating or measuring 


sat 


1 
ae 


vices used in determining the state of various processes 


and conditions. If the means of linkage is too bulky 
complicated and requires too many changes in the orig! 


design of the indicating device, both the design and the ec 
of the unified system will be adversely affected. The ea: 


with which the system may be adapted to a multitude 
indicating devices, is, therefore, a good measure fo! 
general applicability. 

To assure long, dependable operation with low ma 
nance expenditure, a control system must incorporate 
minimum of complexities. The design should be such 
permit immediate replacement of the few elements that 
necessarily subject to deterioration. Such elements s! 
be of standard design, allowing them to be readily pros 
at low cost at any time or place. 

Though electronics had not invaded the industria 


at that time, attention was directed toward it in attemptins 


to satisfy the above requirements. It was thought that 
easiest way by which a great variety of indicating dé 
could affect the output of a suitable electronic circuit 
by initiating changes in electrical capacitance. By 
means a non-mechanical lag-free linkage affording 

lating energy directly responsive to the indicating elen 
movement, is effected. Most indicating devices incorp 
a moving element which is a conductor of electricity, 
enabling it to serve as one side (usually ground) 

variable capacitor. In such cases, it is but necessary t 
troduce one electrode of proper design to serve as the 

side of this capacitor. By varying the form of the elect 
or its relation to the moving member, or both, the cap 
changes produced may be confined to any desired 20! 
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f its pr pressure gauges 
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ea ae I w price of a Heise pressure gauge does not begin to 
eg ulatio! flect the painstaking workmanship put into every Heise 
onous ir rauge Just to calibrate one Heise gauge takes a trained 
nce wit} engineer draftsman a full day. And this is one reason why 
et. wher ill Heise pressure gauges can be guaranteed accurate 
oe ‘ within +1%4% at any point on the scale. Important fea- 
ariations ture: revolving dial simplifies calculations by eliminating 
y is en tare figure. Zero setting is instantaneous from front of N 1911, the first Meriam U-Type Manometer 
she error bezel and self locking. was placed on the market. During the 30 years 
lag sucl Note. Prices are surprisingly low. Example, $120 for since that time, the popularity of these man- 
becomes a ten-inch (11%” O.D.) gauge with 500 graduations. ometers has become increasingly widespread; to- 


e magni day thousands are in use, in hundreds of plants 


hunting” EISE Bourdon Tube Laboratories and laboratories. 


riated by 


rol zone 275 NOBLE AVE. BRIDGEPORT, CONN. Meriam Clean- Out Manometers are equally 
racteris In Collaboration with The A. H. Emery Co. suitable for testing and checking as well as pro- 
-positi duction purposes. Since they are of U-Tube 


design, variations of only a few ounces are in- 
stantly indicated by the difference in height of 
the liquid column. They can be used on operating 
line pressures to 100 lbs. per 
sq. in., and are available in 
eight ranges from 6° to 50°. 
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2 in a double (or pus 
arrangement. It was bse 
quently found that r 
satisfactory results ¢ 
obtained from a sing 


arrangement upon wh 
unit was so operated. Tho sy 
cially designed solenoid 
ed furnace regulating 
may be seen in Fig. 4. 

The performance of t 
paratus under actual 
ing conditions may be judg 
upon inspecting Fig. 5 
shows a_ temperature ¢ 
produced by a_e well 
make of recording instrument 
of a standard hardeni: 
tempering furnace und 
trol. The sensitivity, in t 
case, was adjusted to obtai) 
controlling zone of 10°] 
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: A so that a ten-degree change in temperature 
: : oF suffice to operate the regulating valve throug 
ca Ys THERMOCOUPLE “ 
“_ - entire range. As may be seen, the furnac« 
started from room temperature, which pern 


1; and they may be made to conform to 


any predetermined taper. Other control characteristics such 
as sensitivity, isochronism, etc., are, of course, determined 
by the design of the circuit and the regulating 
oyed. Ih moving element of the 
ndicating device is necessarily a non-conductor, it effects 
altering the dielectric of a properly 

ned and situated “fixed’” capacitor. An idea as to 
d gained 


hat may be expected of such a system may be 


the member’s trave 


electronic 


means emp cases where the 


capacity changes by 


rom the accompanying illustrations of experimental 
! miels 

Fig. 1 portrays an early “bread board” model utilizing 
1 210 tube as an oscillator in a circuit somewhat similar to 
that shown in Fig. 2. A pyrometer movement connected to 


y be seen in the right foreground of the 
insulator supporting a thin strip of metal 
stationary plate of a capacitor is so ar 
anged that the indicating needle, serving as a “rotor,” will 
pass immediately beneath the strip at a_ predetermined 
point in its are. In so doing, the indicating element’s move 
ment in the proximity of the “stator plate” will vary the 
capacity in the oscillator circuit, thereby affecting the plate 
current of the tube. Since the solenoid-operated valve is it 
series with the plate supply, the valve will 


direct relation to the ¢ 


a thermocouple may 
photograph. At 


serving as the 


open ol close In 

indicating 
nevertheless served 
in proving the feasibility of this kind of control. 
later model employing the circuit of Fig. 


movement of the needle. 
While this circuit is quite primitive, it 
its purpose 


Fig 
ik. 


shows a 


EDITOR'S NOTH Figs , 4, 5, 6 and would require ap- 
proximately two full pages, unless reduced so much that details 
would be lost Instruments believes that giving space to the full 
text of Mr. Machlett’s communication and to his Figs. 1 and 2, is 


classes of 


sufficient Personally, as the 
temperature control systems in the Nov 
writer stands corrected with regard to the 


itv’ type in the “high-frequency” class 


author of the article on 
1940 Instruments, the 


history of the “capa 
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the demonstration of the control’s responsiveness by 
ing the slight though definite upward trend in tempe 
during the soaking period. This effect is explained | 
fact that as the furnace walls become heated throug! 
thermal balance between the inner and outer surfa 
approached, the fuel demand for maintaining a give! 
perature is progressively reduced. Since, with such 
tem, the fuel supplied to the furnace varies invers« 
the temperature, the temperature must rise in 01 
effect the necessary decrease in the fuel supply. A f 
demonstration of regulating ability is seen in the « 
of the “loops” occasioned by the insertion of cold mat 
By proper placement of the thermocouple in relation 
furnace charge, the work is brought to temperaturs 
shortest possible time without danger of overheating 
the fuel input is always proportioned to the demar 
minimum to maximum. 

Though the ability of this system to render supe} 
formance was demonstrated and realized prior to 19 
field of application was still more or limited 
laboratory. With the “home-made” circuit of Fig. 
replacing of the oscillator tube usually meant rebal: 
the entire system. While seeking aid in the solution 
difficulty, I made the acquaintance of Mr. F. H. S| 
Jr., of R.C.A., whose thorough understanding of ele« 
circuit design and generous codperation have been of 
timable value to me ever since. I owe both him, as 
the company he great debt of 
tude. 

Figs. 6* and 7* illustrate progressively later mo 
the system employing Mr. Shepard’s circuits. Fig. 7 
a control in which a standard Minneapolis-Honeywe 
tor-operated proportioning valve with a special pote 
eter, replaces the solenoid-operated valve. 


February 4, 1941 GEORGE A. F. 
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PPLEY STANDARD CELLS 
for 


INDUSTRIAL USE 





more than 20 years the leading American manu 
acturers of industrial temperature control apparatus 
ave used Eppley Standard Cells in their recorders, 
rometers and other instruments utilizing the poten 
metric system of measurement. 


When purchasing one of these instruments, make sure 
at the standard cell it contains is an Eppley cell 


| EPLAB | 
THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS 


NEWPORT, R.I. 
ws S.A 

















Gaertner 
Ring 
Spherometer 


for measuring 
of concave and 
convex surfaces 


% 
u ith: = 


Micrometer Microscope reading to 0.001 mm. 





Scale on plunger having a measuring range from 
+30 mm to —30 mm. 


Four standard rings of 50, 40, 30, and 20 mm 


dia. 


We invite your inquiries for THICKNESS MEASUR. 
NG GAUGES for checking material up to 50 mm dia. 
nd reading to 0.001 mm. 





THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago, U.S.A. 








FREE! 


A SCIENTIFIC 
PRESCRIPTION 


for 
Soldering Practice 
in Your Production 





Here’s a service that may be of vital importance in 
many operations in your production. 

In this day of alloys, the solder problem is compli 
cated. For best results, solder must be exactly adapted to the 
work at hand. This means that the right solder-alloy and 
flux must be used in the right strand and core-size. 

At Kester you have available 100 ditterent solder- 
allovs and 10 different solder-fiuxes, 80 different 
strand-sizes and 4 different solder core-sizes. The I 
is to get the right combination of these tour elements fo! 


each of the metals involved in your productior 


Here’s the way to get this important informati 
Just mail a description of your soldering operations t 
address below. Your Kester Solder-Prescription ‘ 
forward to you promptly. 
Y i rse 10 obl itior 1alk 
Se ::< t Ss ~~ 9 ] cs ser ( 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago, Illinois 
Eastern Plant: Newark, N. J. - Canadian Plant: Brantford, Ont. 


KESTER 


CORED SOLDERS 


STANDARD FOR INDUSTRY 
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EDUCATION and TRAINING—BRIEF ITEMS 


Appoints Self “Committee of One” to Have groups. I shall be grateful for any material you may hav 


way of bibliographies, ete., or anything else you may thi 


Western Colleges Recognize Instrumentation seal tink alicia: sciatica 


THE DENVER FIRE CLAY COMPANY Please send along a copy of Major Behar’s work or 
FFICE O| TEXAS CORPORATION mentation I understand that many sections of it ure 
kL PASO, TEXAS print. I hope it will be possible to adopt his “Fundamer 
Gentlemen 1 text— if it is available 
TI writer has been devoted to your magazine for years, since Our library would like to purchase back files of Inst 
1 first started and I eagerly look for each new issue. If you have a set for sale, or know where one could be 
I have somewhat appointed myself as a committee of one, to- please advise our Mrs. High of the Library Order Depart 
wards seeing that our few western colleges receive proper recog- February 28, 1941 H. Ware 


nition from the east and when the preliminary report on Survey 
f Curricula appeared on pages 42 and 43 of Volume 14, Feb 
ruary, 1941, No. 2 issue, I was disappointed to see that the Uni 
rsity of New Mexico at Albuquerque, New Mexico School of 


{ Enclosure } 


UNIVERSITY OF SOUTHERN CALIFORNIA 


Mins it Socorro, New Mexico and Texas College of Mines at ENGINEERING DEFENSE TRAINING 
El Paso were completely left out, and only two entries under the Chemical and Electrical Engineering Courses 
University of Arizona. 


The University of Southern California has been author 
the U. S. Office of Education to offer the courses liste 
under the Engineering Defense Training program. St nt 
should have had at least two years of college training o1 


In the last two years the schools mentioned have bought con- 
iderable new equipment and strengthened their faculty, partic- 
ularly Socorro and therefore qualify under some of your headings. 


] ive a personal letter from President C. E, Needham of the ad an i all t 1 n iti T} 1] 
: ¢ experience, and mus e American citizens. , l 
New Mexico School of Mines, stating that according to his rec- : I a oe es ‘ che . is aiibaaltivks 
, a fees or tuition, but students will be required to buy thei 
is they did not receive your questionnaire They probably : . ‘ . . 
3 textbooks. No academic credit will be given. 
qualify more than any of the other schools in certain groups. 
As a favor to me and the subscriber, will you please send m« * * * 
two more copies of this issue You may charge for them if you E.D.T 110. Instrumentation. A course in the theor 


prefer 30 that I can send one to Arizona and replace the one I 
am giving President Needham 
In a friendly spirit I copy comment in President Needham’s 


ind maintainance of instruments used for measurement ar 
trol in industrial plants. Course will meet one evening per 
for 16 weeks. 


letter which I think you will enjoy reading * : * 
Perhaps this outfit hasn’t learned yet that the Apaches 
have quit scalping us white folks, and that there are a few These courses will start about March 17 and are offered wit 
educational institutions west of the Mississippi River.”’ the object of training men for better positions in defenss 
March 1, 1941 LeRoy G. HETRICK tries, 


R. B. STRINGFIELD, Coordinator, 
Engineering Defense Training Prog 
—but Some Western Institutions 
Already Have Courses in Operation ‘ 
Sneak atin OOLisok Attention, Readers 
CORVALLIS, OREGON in Chicago District 


Gentiemen CHICAGO SOCIETY FOR MEASUREMENT AND CONTRO 
I have also received the 25 copies of “Fundamentals of In 2626 West 318sT BOULEVARD, CHICAGO 

trumentation It now develops that we will have a consider- 

ibly larger class than expected. If you have them available ] Programs for the April and May meetings are as follows 

should like to have you send ten additional copies. . .. It is my April 14—“Optical Measuring Instruments,” by Joseph D 

idea to purchase the copies obtained this year personally and loan ff The Gaertner Scientific Corporation. 

them to the students. I am quite sure that I would want to uss« May 12—“Electronic Controls in Industry.” by F. Log 

the book again next year main office of Ward Leonard Electric Company. 

March 12, 1941 S. H. GraFr, Professor of 


All meetings are held on Monday evenings, preceded by a dinner 
($1.25) at the Central Y. M. C. A. Auditorium, 19 S. LaSalle 
Street. Dinner at 6:30. All welcome. Those who cannot con 


and Defense Needs Make ieee , ida sh remy grt eae elgg leap a dinner 
New Courses Spring Up 
THE UNIVERSITY OF SOUTHERN CALIFORNIA 
NIVERSITY PARK One Possible Answer is that it 


LOS ANGELES 


Rear Mr. Riebeck is Not a Trade but a Profession 


17 Vail Vechanical Engineering 


The course in Instrumentation will be offered at the University 5630 N. SYDENHAM ST., PHILADELPHIA, PA. 
beginning March 17th and will run for 16 weeks meeting on Dear Sirs 

ening per week. The enclosed circular announces the course. ... There is another matter on which I would appreciate 
Our primary aim in offering this course now is to respond to a information you could send me. That is the standing of a 
pronounced local demand for it among the engineers engaged in class instrument mechanic in comparison with other trades 
he design nd construction of defense material in this vicinity is machinist, toolmaker, bricklayer, boiler-maker, ete. The 


parison I have in mind is from a “field” standpoint and not 


However, we plan to incorporate uch a course as a part of our : 
strument manufacture, 


hemical engineering curriculum in the near future. This cours 
being leveloped along the lines of possible utility to botl February 20, 1941 ELiIotr A. CRAN‘ 


not to engineering-school courses, nor to in- It is evident that one year of elemée 
FE I e strument-factory courses. It is pointless to college physics is a prerequisite, and 
compare oranges, peaches and pears). This another prerequisite is two years of 


Penn State course by Professor Weber (who  nical-college mathematics, for without 
names also Professors D. C. Duncan and L preparation the student could not wor 





Temperature Measurement (2nd Edi- T. DeVore as giving it) deserves wider the problems—problems, by the way, ¥ 
tion ) By Ropert L WEBER Edwards recognition and emulation than it has en “educate” in the highest sense of bri! - 
Brothers, Ine., Ann Arbor Mich., 1941. joyed since it was inaugurated some years out and developing the latent abilities 
8% x 10% inches, x 171 pages. Price ago. The exact date of its inception cannot student’s mind. 
$2.50. be fixed, for it evolved gradually, but the The author has admirably achieve 

This is by far the most diversified and 1uthor’s preface mentions that “the ex- purpose as stated in the following 4 
comprehensive college manual on the sub- periments have been developed and tested tion where we italicize the words th 
ject of temperature measurements that has by actual laboratory use over a period of serve prominence: “It is the purp 
come to the attention of the reviewer—who years by an average of a hundred students this book to outline an experimental 
has been on fhe lookout for such books each year.” of the methods of temperature measuré 
since 1924. Perhaps in some college and Again quoting the preface: “This book with the theoretical principles necessar 


during some academic year there was given presents the substance of a course offered their appreciation, intelligent use an 
a course with a fuller and better choice of for Juniors by the Physics Department of tension.” 

experiments—but we haven't heard even a Ths Pennsylvania State College. One year Mark that last word: “extension.” 
rumor of it. (We refer to college courses of elementary physics is the prerequisite.” it implies that Professor Weber and | 
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SidiadS ae ORR Ra 


USE THESE BULLETINS AS YOUR 
-/O® BUYING GUIDES 


The following IRC Resistance Engineering Data 
Bulletins have been classified and prepared to 
bring complete engineering or purchasing infor- 
mation to assure selection of the right resistor for 
any job. Ask for them by number. Sample resis- 
tors to your specifications sent upon request. 





BOILER ROOM 
IS BEING RUN AS 


CELLET NE, ROE IN 


ig tte 
Si ee 


¢ 


Ces 





Volume Controls and 
Potentiometers up to 2 
watts and 20 meg. resistance 


Metallized Type Resis- 
tors: Insulated 1/2, 1 
and 2 watts; high frequency; 
high range; high frequency 
power; high voltage power. 


Insulated Wire Wound 
i) Resistors: Type BW 
from 2 to 1 and 2 watts; 
Type MW, 5 to 20 watts. 


Power and Precision 

Wire Wound Resistors 
Fixed and adjustable power 
types from 10 to 200 watts in 
all shapes, mountings, etc. 
Climate-proof coatings. In- 
ductive or non-inductive. 14 


INTERNATIONAL RESISTANCE CO. 
417 North Broad St., Phila., Pa. 


Precision Types to as close 
as 1/10 of 1% accuracy 


Attenuators: 20 or 30 
step; ladder, potenti- 
ometer or bridged “T’’, 


Power Rheostats: Quick 
heat-dissipating all- 
metal types up to 100 watts 

















ECONOMICALLY 
AS POSSIBLE 


OR do you just take it for granted? In these busy 
days when steam plants are being crowded to 
their capacity, fuel dollars are being wasted in 
hundreds of steam plants through poor combus- 
tion. Don't let yours be one of them—use a HAYS 
Combustion Test Set and KNOW just what your 
plant is doing. You may be able to save the small 
cost of a test set a hundred times over. Send for 
new booklet ‘How To Save 10 to 25% of Your 
Steam Plant Fuel,’’— it’s FREE. 


The 


a COMBUSTION 














VENT VALVE FLOAT SWITCH 


The SYLPHON BELLOWS 


Answer to 
Countless Design Problems 


The Sylphon Seamless Metal Bellows 
offers to the designer a highly effi- 
cient diaphragm for converting 
pressure effects into controlled 
movement, for making flexible 
sealed connections of moving parts, 
providing expansion chambers and 
similar services. 


TEMPERATURE 
REGULATOR 


As the originator of the Sylphon 
Seamless Metal Bellows, the Com- 
pany’s engineershave had the broad- 
est experience of any group of men 
in both the production and applica- 
tion of bellows. Write for new Bulle- 
tin EX-535. 


The Fulton Sylphon Company 
KNOXVILLE, TENNESSEE 


REFRIGERATION 


COMPRESSORS SYLPHON THERMOSTAT ASSEMBLIES 
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Improved 


“ALNOR” 
PYROCON 















The Alnor Pyrocon which has had such wide acceptance for every 

type of application now offers many new and exclusive features 

1. Unusually heavy and rugged movement—highly essential in a 
portable pyrometer 

2. Choice of either rigid or flexible arms or both which are in 
stantly removable and interchangeable 

3. Improved and enlarged assortment of thermocouples all of 
which are instantly interchangeable without change in instru 
ment calibration 

4. Choice of seven standard temperature ranges 


5. Greater accuracy Yoke of arms and side plates of thermo 
couple assembly made of thermo-couple material to eliminate 
junction errors 

Regardless of your application the Alnor Pyrocon will prove the 

most economical. Write for folder No. 3511. 


OMinois Le ting Laboratories lac 





142 West Hubbard St. Chicago, Illinois 
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t belon i that dwindling (and 
t ! ‘ ! needed-than-ever ) propor- 
I techr hool professors in whose 
rts the icred spark of The Future has 
not b ! ner i b what has been going 
n these last ter I 
VM n't it in the part f Pennsylvania 
wher Penn Stat i located that Johnny 
Appl 1 toiled for future he knew he 
i not live to see 
hor t th prof ors who have 
t 1 Ww the ibility) to 
“ ! f ul 1dvances in their 
} nche f ience by giving “tough” 
I ll th fundamentals of these 
I ne} I be ure, there 1 i keenly 
! t t [ ! tr iment CnRGINEEeTS due 
ri t f course in industrial in 
! ntatior but let us not forget that 
tod industrie bristlin with arrays of 
! nd controller on. fifty-foot-lons 
ntrol boards, were made possible by the 
t entist of yesterday 
Wt t that we heartily endorse 
the words italicized in the ibove 
tation ippreciation ind “intelligent 
I f the methods of temperature meas 
rer nt. These are 1 sine qua non for the 
1dvancement of this branch of science 


nd r the advancement of the individual 
worker 

We ought to stop this review right here, 
but Jnstruments doesn't play favorites. The 
ore important a book is to our readers 
th loser it is examined for possible short 
ying 

Again quoting from the _ preface “The 
present book is a revision of a preliminary 
lition published under the title ‘A Manual 
f Heat ind Temperature Measurement’ 
(1939 ).’ 

\ review copy of that first edition was 
received at the office of Instruments a few 
onth igo, and a few weeks ago the re 
view had at long last been duly completed 
ind was awaiting publication, but how 
hall we say it? Oh, well, it is such a pleas- 


BAUSCH & LOMB 
SPECIAL OPTICAL PARTS 


made to Bausch & Lomb high 
standards of accuracy. Operating 


If your research requires special 
optical parts for experimental in- 


struments, the Bausch & Lomb its own glass plant, Bausch & 
booklet, ‘“‘Lenses, Prisms, Mir- Lomb exercises complete contro! 
rors,”” will furnish you with in- from raw material to finished 
valuable data on all available product. 

types of optical parts. Listed 

therein are numerous items of A copy of the booklet will be 
glass, calcite and quartz with sent free on request. Write to 
their focal lengths, dimensions, Bausch & Lomb Optical Co., 615 
tolerances and prices. All are St. Paul St., Rochester, N. Y. 


BAUSCH & LOMB 
OPTICAL COMPANY 


FOR YOUR EYES, INSIST 
& LOMB GLAS I BAL >H 


& LOMI 


JSCH & LOMB EYEWEAR, MADE FROM BAUSCH 
HIGH STANDARI 


re to review this book that the review of 
the earlier one has been ordered melted up 
in the type-metal furnace. That first edition, 
to put it mildly, was a second-rate ambas- 
sador-at-large from a first-rate School of 
Chemistry and Physics in a first-rate col 
lege Even this second edition is a spec] 
men of writing and book-making—is un 
worthy of Dr. Weber’s famous course. Not 
only is the paper binding fragile, not only is 
lithoprinted typewriting hard on the eyes, 
not only are the halftone illustration 
muddy, but the text shows unmistakable 
evidences of hasty preparation in spots. We 
have twice gone through this book page by 
page, and have read line by line most of 
Part I (Part II describes the experiments), 
ind we'll wager a good dinner that the 
word “principal,” for example, is spelled in 
correctly more often than it is spelled cor 
rectly. This is no reflection on the author 
it simply means that he worked under severe 
handicaps and that whoever held the purse 
trings (a book, after all, is a manufactur- 
ing proposition) was stingy 

Now a few words as to the arrangement 
Part I consists of fifteen telegraphically 
brief and almost purely mathematical chap- 
ters five chapters on the methods (laws 
ind principles) of temperature measure- 
ment ind ten chapters on related sub- 
jects such as Heat Transfer, Calorimetry 
Thermal Analysis, Elementary Thermo 
dynamics, etc. Some reference tables appear 
in these chapters because they obviously 
belong there rather than at the back of the 
book. These fifteen chapters are not “read 
ible for the simple reason that they are 
not meant to be examples of popularization 
The reader who lacks thorough grounding in 
physics risks making wrong guesses. For 
example, on page 3, there is a bare mention 
that the gas coefficient is 1/273 and no men 
tion that this value is true at 0°C. only 
Of course, the Penn State Juniors haven't 
forgotten what they had the year before 
(and even if they have, they find the gas 





5 OF PRECISION 





NYE’S WATCH 
& CLOCK OIL 











For INSTRUMENTS 


¥ is a recognized fact the world 
over that porpoise jaw oil is the 
finest crude from which to refine lub- 
ricating oil for delicate instruments of 
precision. When the refining is done 
by the scientific processes developed 
through years of experience by Wm. 
F. Nye, Inc., the result is a specialized 
oil of the very highest quality. 


Nye's Oil—100°% American from "fish 
to finish." 


Wm. F. Nye, Inc. 


NEW BEDFORD, MASS. 


ESTABLISHED 1844 











INSTRUMENTS 
Page 80—Vol. 14 


laws more 
Part II, in 
eter’). But 
that ad\ 
Part I 
stated 


have 
out 
but 
Part 
two 
and 
etry, thermal 
ete. As 
this 
masterly. 


mometry 


we 
review, 
It 
i joy 
uch 
ittended 
learn the 
by ir, 
doubt be 
heads and 
ing courses, 
through 
f laboratory 


courses 


ve the 


Ww 


fully 
“Experiment 
the 


the 
tersely. 


describes 
experiments 


implied 
the 


seasoned by 


thirty 
newer 


I 


ordered 

others 
To these 
requisitions 


£iven 


ordinatr 
intage. Ar 
fundam 


an 
includ 
pyrometry 
inalysis, 
in the 
choice 
te 


reg 


isa joy 


n the 
-odd ul 
subjec 
way 
by 
In 


eng 


ve 


ard 


chat 
we 
for 
ipparatus 


at 


the beginr 
1, Gas TT 
y reader qd 
id it is tl 
entals 


so 


ire 


1 discusses 
ing not 
but 
Curie 


oni 
also ( 
tempe 
first paragy 
of experim«s 
» read some 
ret that the 
ineering sch 
force 
s-l-o-w-] 
This 


S igo 
ts 


book 


instrument-dep 


of evenings 
recommend | 
of the 


deser 


most 
briefly 


Part II or whatever “reasonab! 
similes” are carried in stock in the 1 
laboratory supply house, The industri¢ 
foot the bill will soon be repaid many 
over by the services of trainees wl 
have gained “appreciation” and will 
“intelligent use” of the Methods of 
perature Measurement. um. 2. 7 


Reports on Progress in Physics, Volume 


VI. J. H. Awspery, General Editor for 
PHYSICAL Society. Taylor & Francis 
London, 1940. Cloth, 7 10 inches, 
434 pages. Price 20s. (or $5 accordir 
order blank for U. S.) 

\ new General Editor and a new 
lisher, but the same binding and 
raphy ind—what is more important 
same superlative quality of content 
rangement, presentation, style ind 
requisites 

In fact, high as were the standar 
by Dr \llan Ferguson, Dr. Awber 
surpassed them. This is evident as or 
thumbs through the just-received bo 
discovers that there are no _ fewer 
eight inserted plates, excellently print: 
high-grade coated paper on which 
duction of spectrographs, Zeeman patt 
etce., show fine details as well as di 
originals. 
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| COUNT YOURSELF IN. . . on Closer 


Production Control with 


VEEDER-ROOT DEVICES 


MAKE IT COUNT... and you make production 
isier to control, both as to schedules and costs. And 
very machine and process in any type of plant can 
.e made to count with Veeder-Root Devices in any 
erms or units desired: strokes, revolutions, pieces, 
speeds, volumes, lengths, trips, starts, stops, light- 
flashes, hand-movements, etc. Easy and inexpensive to 
nstall. Accurate and long-lived in operation. Write 
for Catalog G-40. 


VEEDER-ROOT INC., HARTFORD AND BRISTOL, CONNECTICUT 


n Boston, Chicago, Cincinnati, Cleveland, Detroit, G 
( I Angeles, New York, Philadelphia, Pittsburgh, St. Lou 
Francis Montreal, Canada, Buenos Aires, Mex City, I 
Paris, Tokio, Shanghai, Melbourne 
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Nordstrom 


LUBRICATED 


Air Cock 


for gauges, 
instrument panels, etc. 


A quick opening Cock, embodying 
the Nordstrom lubrication principle. 





This is a convenient and safe valve 
for use as a try cock or test cock on 
any line; also for use as a bleeder 
and as a gauge connection on lines, 
level indicators and with control in- 
struments. Widely used as a gauge 
shut-off behind panel boards. Quarter "34" and Yo" 
| turn opens or closes. Round opening. 

Body made of forged steel; plug is No, 2222 


Sizes: 











Stainless steel, Ask for Folder 


MERCO NORDSTROM VALVE CO. 


A Subsidiary of P\TTSBURGH EQUITABLE METER CO. 


Main Offices: 400 Lexington Ave., PITTSBURGH, PENNA. 
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HEAT 


The well planned arrangement of Ward 
Leonard Speed Regulators provides cit 
culation of air around resistance ele 
ments to dissipate the generated heat 
They will therefore operate continuous 
ly at any speed setting, in the hottest 
weather, without overheating. Ward Leonard Motor Speed 





Regulators include everything from small ring type rheostats 
for window ventilators to the heaviest industrial blower 
controls. Multi-Speed Motor Starters available for air con 
ditioning. 


BULLETIN 1101 3” and 4” diameters 
describes Ward Leonard Speed 00 and 150 watts, 
Regulators, ventilated and en 


closed types, 1/20 to 1/3 H.P. BULLETIN 4061 


scribes Multi-Speed Start 
BULLETIN 1105 ae 
describes Ward Leonard Vitrobn EXTRA HEAVY DUTY 


Ring Type Rheostats, 11/2”, 2/4 special information upon request 


WARD LEONARD 


38 SOUTH STREET, MOUNT VERNON, N. Y. 


ELECT RiE€ CONT ROI DEVICES SINCHI 189. 





i» 
It’s Got to be Right to he 
Nobody ‘‘bosses’’ Cliff Elliott, chief of v 
the Triplett inspection line. Produc- 
tion is up,—'way up, but nobody puts 
the heat on Inspection’’ for the 


slightest variation from the most hard- 

boiled inspection scrutiny in the In- 

dustry. For it is an axiom in the whole Triplett plant—regardless 
of position or the pressure of orders—''It's got to be right to be 
Triplece 


Under expanded Industrial demand there continues to be no com 
promise in those rigid Triplett tolerances and standards which 
have become the International Hallmark of Precision and Quality 


FOR MORE INFORMATION WRITE SECTION 323 HARMON AVENUE 


THE TRIPLETT ELECTRICAL INSTRUMENT CO. 


Bluffton, Ohio 
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good Temperature Instrument 


by highly skilled workmen and 
annealed for lasting accuracy. 
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Indicating-Recording-Dial 


Canadian King and George 


FINE TEMPERATURE INSTRUMENTS 


As important as proper food for the ARMY are 
build and maintain the equipment necessary in 
modern defense work... And PALMER Ther- 


mometers will stand the tests for accuracy be- 
cause they have been made with A-1 materials, 
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[I-90 Plaster Tester, Bulletin, 8 
RE” 2 pages, describes ind lustrat 
Kaydel" plaster tester fo det mina 


tion of moisture. Instrument dimensions 
2%” KX 1% xX 516”; weight 20 eX 


NEW LITERATURE (20 


I-91 Combined Liquid Level and Pres- 





department we report ALL pieces of NEW literature pertaining to Instrumentation, sure Controller. Bulletin PW, 8 
; from the manufacturers. Readers may secure without cost (unless noted) any or all 11 tf pages overs new PW 
e ofe ‘Pp ? og trolls which n 
te ported here, by filling out and mailing the coupon. PW! "4 Spike 
evel ne I \ ime t t 
! s e t 3 nd } vent t 
— becoming wa i 1 
mit utilizing maximum cap ( 
, . : = ar Water Level Controls C on 
General Radio “Experimenter. illustrates portable cable for all portable n ; | 1M 
t Ve st ‘aul in 
issue, 8 pages, contains articles leectrie machinery fives current-earry s . 
high-frequency signal gener- it capacities and physical data also I-92 Dial Test Indicator, | etin, 8 
irning instruments for repair lists molded terminals and couplers. Get , 4 pa ha ) 
for use with type 516-C radio- eral Electrie Co., Schenectady, N. ¥ new indicator whi 
bridge. General Radio Co., 30 I-83 “Bakelite Review.” Jan. 1941 issue nstead of the usual 1 itir mu 
< t.. Cambridge, Mass 814” > 11”, 24 pages, contains articles year and pinion t ns \ ew 
i > ] tg , i mile 0) ~ s} OV I r ‘ ‘ I 
Cathode-ray Oscillograph, Bulletin, ‘Automatic Compression Molding | pplication \ ( : : 
‘ 1° »f vette S er k t\ 
8 pages, describes and illus- Here”, “Consideration of Plasties in Ait Co., 128 Lafay St., New ‘ 
Type 208 oscillograph with distor- plane Design” and other articles and I-93 “How To Maintain D-c. Motors.” 
nput-attenuator, newly devel- items on applications of Bakelite plas- Bulletin GEA-3488, 8” 10) 1 page 
nplifier circuit among its fea- ties Bakelite Corp., 30 East 42nd St covers selection nspectior ind ‘ 
Allen B. DuMont Labs., Ine., 2 New York City. ing, overhauling and repa t 
e., Passaic, N. J. 1-84 Recording Gravitometer, Folder, cludes troubl rrectior t f i 
Water-cooled Aftercoolers, Bul- 84” > 10%,”, describes and illustrates motors. General Electri Co sSchene 
807-B1, 8” XK 10%”, 2 pages, de- \c-Me gravitometer—contains no rotat- tady, N. ¥ 
nd illustrates type H aftercooler ing parts which might become worn out 1-94 Fuses and Mountings. Bulletin 740 
al air compressors developed for ind operates on the principle of weigh- 814” x 11”, 2 pages, describes and illu 
ng the presence of moisture and ing a volume of gas in comparison with trates 3AG fuses—250 volts, hinged typ 
n air lines such as in operating the weight of an equal volume of air mounting for 3AG fuses and panel pull 
indry presses, paint sprayers, con- The Refinery Supply Co 621 E. Fourth safetv fuse mounting for 4AG f 
nstruments, ete. Worthington Pump St.. Tulsa, Okla. low voltage tattelite tester f , of 
hinery Corp., Harrison, N. J. [I-85 “New-Matice” Remote Transmission. § to 25 volts. Littelfuse, In 1757 Rav 
Controlled-current Test Set. Bulle- Catalog No. 9400, 77%” *K 1016”, 24 pages, enswood Ave Chicago, Il 
053, 84%” X 11”, 4 pages, covers describes and illustrates system applied I-95 “Care and Operation of Portable 
hoo ype E teak eet Whice peReee & to indicating, recording and control of Precision Lathe Grinders,” Booklet, 8 
ietermined and accurately controlled temperature, pressur¢ flow and liquid < 11", 14 pages, gives general descrij 
of electrical current for the purpose level. featuring matched bellows. Browr ee e 4] avindts a ; sey 
P : ’ tion Oo! le grinain: if ICeSS 
ng and adjusting relays. ameri- Instrument Co., Wayne & Roberts Aves the problems of precision grinding and 
. ee —— Co., 10338 Philadelphia, Pa some of the typical grinding tups. Th 
Van Buren St., Chicago, I [-86 Temperature Control, Bulletin E Dumore Co. Racine, Wis 
[-76 Oil Cireuit Breakers, Catalog 3940, 1,” ” ges. describes and illus- : ’ 
_ 81, 11”, 4 pages, describes and illu: I-96 Telephone Traflic Recorder. ( 
11’, 4 pages, describes and illus- trates “Comfortrol,” a humidity-compen- , 1 139. 814” 11”, 8 | { ribe 
type MS-2 subway oil cireuit sated thermostat for application to any — i ill enat ee nen are 
non-automatic, for wall mount- type of heating equipment—oil burner scajained Meare to tpiide sche Mlllitar 49 ct ' 
. , ragonets or operation on Vo ( 
n subways, manholes, or other vas burner, stoker, blower, et or to magnets fo ts an an ° 
é Balt t, : , , ari ne 1iotor or 110-\ U-cycle 
where total submersion is possi- iny type of summer cooling equipment lrivi n te a ! ae Eade s 
Furnished in capacities of 200 and Julien P. Friez & Sons, Baltimore St. and und sa yates aoe av yee oa “yee 
mperes, in 2 or 3 poles, 7500 volts Central Ave Baltimore. Md cams [C1 pape ; spe — i : ‘ a 
smi ’ 766 y : 5 : minute, with time pulses oF °% econ 
S l Co bb é e N= - . > ] ” 
mith _ il W. Market t, I-87 Flow Indicator, Bulletin, 8! ana 1 second respectively Americal 
ehem, Pa ss : ul , : I 
* Bul 836" 103,” 1] f pages, covers indicator for wate! Autometic Electric Sales Co 1033 W 
77 ——- k.” Bu —— - x 1034”, ind other free flowing liquids to indicate Ven Steven ti Chifcago, ti 
izes shows new mode of gaso- , | ; 
the rate of flow of hot dirty blowdown I-97 E tnt f 
12 powered “Xac ack” Fig . . -97 tngraving Machine. ( i 
ngine pe wered Nac topac k Figure from steam boilers. Henszey Co., Water- ’ 9” § pages. describes and ist +; 
ivailable optionally with explosion- town, Wis. versatile pantograph machin¢ daptable 
electric motor. S. F. Bowser & Co., ‘ = : Chae PARE : 
Fort Wavn Ind I-88 Ground Resistance Tester, Bulletin to manv lettering tasks associated wit! 
rort é e e - , ” ] 1] 
| . ’ a 251, 816” < 11”, 4 pages, describes and experimental work as well as the outine 
|-78 Briquetting Press, Leaflet, 84% > : ar - , . : . ‘ , 
1 } i lust t illustrates new Model 251 Vibroground production of panels nameplates na 
ages scr Ss & ustrates ‘ ; : 
pa 8, describe ine lilustrate designed for testing resistance to earth small parts. Mico Instrument Co 10 Ar 


imen press used to briquette pow- 
borings and milled chips of metals 
many powdered and granular metal- 
non-metallic materials into tablets, 
h then are placed in spark or are 
f spectrograph. Harry W. Dietert 
330 Roselawn Ave., Detroit, Mich. 
Automatic Continuous Boiler Blow- 
off Equipment. Bulletin No, 2391, 8%” 
Ss pages, tells why blowoff is neces- 
points out shortcomings of old 01 
nittent controls; discusses several 
I l arrangements of modern contin- 
blowoff equipment. Describes vari- 
us types of heat exchangers, flash tanks 
ther developments. The Permutit 
) W. 42nd St., New York City 
) Thermoswitches, Catalog Sections, 
10%%"’, 12 sheets, describe and 
te cartridge, block head, hex head, 
head and submersion types of 
switches. Fenwal Ine., Ashland, 


Cornell-Dubilier “Capacitor.” Vol. 
8, 16 pages, contains articles en- 
Analyzing Radio Noises’’—Part 
i “Filter Design CGalculator” the 
by Arthur H. Halloran, Editor, 
Radio Defense. Cornell-Dubilier 
Corp., Hamilton Blvd., South 
ld, N. J 
Tellurium Portable Cable. GEA- 
, 1014”, 8 pages, describes and 


of ground rods and is of the synchronous row St.. ¢ 
self-rectifying type. Associated Research 


imbridge, Mass 


1-98 Potentiometer Pyrometers, Catalog 


Ine 131 So. Dearborn St., Chicago, Il No. 1104, 7% 1014”, 36 page covers 
I-89 Aerovox “Research Worker.” Vo! indicating. recording and control pyron 
12. Nos. 7 and 8 8%” >x 11”, each 4 eters, gives illustrations of typical ir 
pages, contain respectively articles en- stallations: also lists Radiamatic pyron 
titled “Measuring Distortion in <Audio- eter, auxiliary switches, control ace¢ 
Frequency Amplifiers’ and “Receiver sories, multiple key switches, et Rrowr 
Tuned Circuits.” \erovox Corp New Instrument Co., Wayne & Roberts Ave 


Bedford, Mass Philadelphia, Pa 
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INSTRUMENTS, Pittsburgh (MARCH 1941) 


Please have the following catalogues, etc., reviewed in this issue sent to me. 


PURI ONE ce 5 he So aiecisutn sinew v Reis 22 bts Pye Api oo sO meee A ee Ee ; 


I also desire further information concerning the following new products described in 
this monei's “Tow Tastruments” Department... ... 2... ccc ccc cieccesccccccseucs 


I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 
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tam POWERSTAT 


— P REG, U.S. PAT. OFF. 


THE QUALITY VARIABLE 


| 


He TRANSFORMER FOR CONTROL 
Tg OF A.C. POWER 


Di IRING the last three years POW ERSTAT variable 
transformers have been used extensiv ely in the manufactur- 
ing and communications industries, and in the government 
services. POWERSTATS in this period have earned a repu- 
tation for distinctive performance, dependability, and free- 
dom from maintenance. 


A “sin +, 4 FEATURES 


@ HIGH EFFICIENCY—Careful design and use of highest grade 
core material result in extremely low losses. A 7.5 KVA unit has 
a no-load loss of only 40 watts and a maximum-load-current loss 
of only 100 watts. 


@ SMOOTH CONTROL—Advanced methods of coil machining 


: ' technique result in a control that is mechanically and electrically 
As ifs : é , smooth. Output voltages can be adjusted to within fractions of a 
\ 

volt. 


@ EXCELLENT REGULATION 


@ CONSERVATIVE RATING—AII] POWERSTAT transformers 
POWERSTAT TYPE 1126 are rated at 50 degrees Centigrade temperature rise under continu 
SINGLE PHASI ous maximum full load rated current. 


; 2 KVA—I5 amp. @ GLASS—FORMVAR INSULATED WIRI 


Input: 115 volts, 50/60 cycle 


Output: © to 135 volts @ LOW COST PERK KVA 
NET PRICE: $34.00 


APPLICATIONS 

: @ ELECTRIC FURNACE CONTROI 

@ LABORATORY AND SHOP LINE VOLTAGE CONTROI 
@ LIGHTING CONTROI 


: Ti @ VARIABLE VOLTAGE SOURCE FOR ELECTRICAL TEST 
8 o. 7 ING 


’ Standard POWERSTATS are available to operate on single 
on ; or three phase for i115, 230 or 440 volt circuits. Full voltage ranee 


k ¢ ‘ 7 
‘ : types are available in capacities up to 25 KWA. Line voltage 
correction types are available in capacities up to 75 KV A. 
Used by leaders in the manufactur- 
' as ing and communications industries, and 


in the Government services. 


ri ee FOR NEW I2 PAGE 
‘ POWERSTAT TYPE 1256-2 BULLETIN 149 
PO THREE PHASE—OPEN DELTA 


li : 13 KVA—28 amp. 
te " Input: 230 volts, 50/60 cycle 


Output: 0 to 270 volts 


. aa SUPERIOR ELECTRIC CO. 


130 HARRISON ST. BRISTOL,CONN. 
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